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(54) A method for encoding/decoding error correcting code, transmitting apparatus and network 



(57) A client signal having a constant bit rate is seg- 
mented every a bytes to create code information blocks. 
The bit rate of Ihe client signal is increased such that 
the client signal has the code information biock (100) 
and an empty area (11 0C, 1 1 0B) comprised of b bytes, 
and the ratio c/a is equal to or higher than 1 1 0 % to cre- 



ate a code block 3 comprised of c bytes. The code in- 
formation block m the code block is encoded such that 
an error correcting code is included therein lo have an 
encoding gain of SdB or higher for a bit error ratio of 
lO" 12 , Associated check bits are placed in the empty ar- 
ea (110B) to eventually generate a super FEC signal. 
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[0001] The present invention relates to a method for 
encoding/decoding an error correcting code, a transmit- 
t»ng apparatus and a network which are suitable for use 
in optical communication networks. 
t<J002] At present, with the advance of digital signal 
processing technologies based on LSIs and so on en- 

codmg/decodingtecnnologiesforerrorcorrectingcodes 
have been used in a wide variety of applications for pur- 

among block codes which have a mathematically we* 
defined organization, a code called -systematic code" is 
usually used lor engineering purposes due to its trans- 
° ' n,0fmation - The systematic code involves 

ZliZT anC ! eflcodin 9 ^ «' <te segmented blocks, 
and features that on^ a check bit is added to an errJv 

reg,on,wh,chha S been P reviou S |ydet er minedwithinfhe 
signals, without manipulating information in the original 

Sfch l ,iona ^' ,he Ham ™9 COde ' BCH 22 

{Bose-Chaudhun-Hocqucnghom code), Reed-Solo- 

zjsi- and s ! on have been usea as *«* 

nth e fo „ owlftg the encodmg/decodjng of an 

2 ' TH 6 be ^ Ca " ed ^ing/decodtng.* 
[0003] The optical fiber communication capable of 
trw.rmt.ng a large capacity of cata ernp , 0V£ re(aIive(v 
high quality transmission paths implernented „ J 

Si! iS WhiCh 9er,eral,y «»* 8 «* ratio 
below io-io. ,„ addWon g redundancy configuration 
which comprises protection optical ftoers as ie as 
working optical fibers, can realize switching of p*£ 

optical fiber communication has been systematically 
constructed on the assumption that no error correcting 

ansm^ Un ' Ca!,0n mefe te 3 di 9 te ' ^"ChrTnous 
1 ^ system for which global standards have 
been established. This system has been pervasive in 
transmissions in wide backbone networks ail over the 

S !„• T ; ? Recomme ™" G.707 and so on 
(e tab shed m 1988), and SONET (Synchronous OpU- 
* def '^ * ^erican National Standardi- 
zation institute (hereinafter called "ANSI") in Standard 
T1. 105 (established in 1991), 

100041 An ^eptional ^reduction of an errorcorrect- 
ing code ,mo the optical fiber communication i 5 an ap- 
plication of an cight-orror-correcting Reed-SolomX 
code (255, 239) to a frame format defined by ITU T to 

Recommendation G.97S(e S tabli £ hedin1996)forasub- 
manne optical transmission system. Also, a known ex- 
ample is JP-A-62-221 223. 

r000S] With the presently widespreading Internet 
communications, the backbone networks and local net- 



works based on optical fiber communications are re- 
qund to have the abilities of transmitting increasingly 
larger capacities of data therethrough. The larger dam 

5 ,no ™? re be, y fealized bv ume division ™»&**- 

mg i (TDM), wavelength division multiplexing (WDM) 
and composite technologies based on them ' 

, H ° W ^ r - sinc * a ^9her degree of time divi- 
sion multiplexing causes a reduced bit width of signals 
anda degradation in the signal quality resulting ^ the 
» mfluence of a variety of dispersion or nonfcheaL which 
are phys.ca( properties inherent to the optical fibers a 
certain signal quality can be maintained only over a 

n^r ert T miSSi ° n diS,ance ' Ths «Pfeainberconm u - 
nicatton often guarantees a bit rate error of 1 o-« or less 
as > the signal quality, and the degree of multiplexing 
ends to increase with a multiple of two. Also, since the 
fcansmirtable distance is reciprocally proportional to a 
square root of the degree, of multiplexing for a f ixed 
transition optical power due to the variance and non- 
party possessed by an optical fiber, the transrnittabte 
fiance ,s reduced to one quarter when the degree of 
g * ^ h . gher ^ red(j ^ n 

ZZ " ? 8 f Sfadati ° n ,OSS of 6 dB ' s ° «•« a corn- 
's : th ° toEE ° f 6 dB or mofc * "Q*«l ^or 
Z ! ! tran£m ^on ^acity twice as much 
through the ttme division multiplexing white the trans- 
mission distance is maintained. Thus, for making this 
compensation for the toss using an error costing 
code, a coding gam of 6 dB or more is needed Since 

Sl^^rTf ei 3 ht - erro ^^-9 F^d-Solomon 
cod* fe 5.4 dB for a bit error ratio of io"» in considera- 
ton of an increase in the transmission rate by approxi- 

flcent to realize the above-menfioned double increase 
& of the transmission capacity, 

[0007] Also, as the degree of wavelength drvision mut- 
iptexing becomes higher, this causes closer wave- 

ed?h 'iT a(s of : piura,,ty of optcai tf « 

ted through a smgle optical fiber core line, a degraded 

eTcLe eve m n ^'^ h ytothe ^™-nedcas e . inanoth- 
e case even if the respective wavelength intervals are 
sufficiently spaced to prevent the degraded separation 
t e transmission distance is limited when ail of bit rates 
* at respecuve wavelengths are not the same. SpecS 

h ghestb,, rate an opt^t S ign aI at a tow bit rale can be 
use d 0 „ )y mhm a ljmjted lraftsmiss . on d 

though „ can be transmitted to more distant locations 

2 nh 3 PfJm!ity 0< ° PtiCal Si9 " aSs ,ransm *«^ 

Wirough a single optical fiber core line may differ de- 

pending on the generation, the ratio is approximately 
m un many cases when viewed within a certain period 
55 ^T e h Z r S ° nS Simi ' ar l ° the afor ^^tioned ex- 

Ln!^ ! m ° rdef t0 m «^ally extend a 

distance when op.icai signals at different 
ralSS are mixetJ in ^ wavelength drvfeion mulli- 
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plexed transmission However, the eight-error-correct- 
ing Reed-Salomon code alone is not sufficient to realize 
such a compensation. 

10008] Further, when the distances between regener- 
ators and between a regenerator and an end terminal 
(hereinafter simply cailed the "regenerator interval"), for 
electrically reproducing digital signals, are increased to 
reduce the number of the regenerators with the intention 
of reducing the cost associated with the construction of 
a network at the cost of an increase in the transmission 
capacity, the signal quality is more degraded as the re- 
generator interval is longer. For example, when the re- 
generator interval is increased four times, a compensa- 
tion for a loss of 6 dB or more is required,. in which case 
the eight-error-correcting Reed-Solomon code atone is 
hot sufficient to realize such a compensation. 
£0009] Also, the widespreading Internet communica- 
tions increase a demand for the so-called Giga bits 
Ether signal of 1000 Base-SX, 1000 Base-LX, 1000 
Base-XC defined by IEEE (Institute of Electrical and 
Electronics Engineers, Inc.) in Standard 802.32, result- 
ing in requirements for the transmission of the Giga bits 
Ether signals over a section of a long distance within a 
local network and a backbone network which accommo- 
date the Giga bits Ether signals as optical signals. Since 
the Giga bits Ether signal uses a reiransmission re- 
questing scheme called ARQ (Auto Repeat Request) 
based on art end-to-end communication on a higher lay- 
er than a link layer, the Giga bits Ether signal comprises 
no error correcting code. 

[0010] An error correcting scheme defined in Recom- 
mendation G.97S involves parallelizing an STM-16sig- 
nsl of SDH having a bit rate of 2 48832 Gbif/s on a bit- 
by-bit basis, dividing the STM-1 6 signal into (8xn) sub- 
frames each having a length of 238 bits, encoding every 
eight subframes to an eight-error-correcting Read-Solo- 
mon code (255. 239), adding a check bit and information 
for framing structure to the resulting codes, converting 
the subframes such that each subframe has 255 bits, 
interleaving the converted (8 > ft) subframes on a bit-by- 
bit basis, and finally constructing an FEC frame having 
a bit rate of approximately 2.666 Gbit/s. In this event, 
the value of the above "n" is often set to 1 6 for facilitating 
the configuration of an encoder and a decoder, in which 
case, the processing rate is approximately 21 (exactly 
19.44 .- 255/238) Mbit/s for each of the subframes. 
[0011 ] However, for rearranging the STM-64 signal of 
SDH, the bit rate of which is 9.95328 Gbit/s, i.e., four 
times as high as (he foregoing, or the OC-1 92 signal of 
SONET in the FEC frame, the signal must be divided 
into four signals corresponding to STM-16 in parallel. 
This is because the orror correcting scheme according 
to Recommendation G.975 defines the STM-16 signal 
as a minimum unit. Irs this event, therefore, the value of 
the aforementioned "n" is increased by a factor of four 
from 1 6 to 64, so that the processing speed in She en- 
coder and the decoder is the same as approximately 21 
Mbit/s as mentioned above, where, however. the scale 



must be increased four times For example, with the use 
of encoders and decoders each having the processing 
capability of approximately 170 Mbit/s. 16 sets are suf- 
ficient for the STM-16 signal whereas 64 sets are re- 

s quired 1or the STM-64 signal. Also, with the use of en- 
coder/decoders each having the processing capability 
of approximately 2.7 Gbit/s. one unit is sufficient for the 
STM-16 signal, whereas four units are required for the 
STM-64 signal. The increase in the scale is proportional 

if to an increase in the bit rate. For this reason, when a 
cfient signal is STM-64 or the like , a codec unit including 
an encoder and a decoder will be increased in size, re- 
sulting in a higher price of a device which contains the 
codec unit. 

SUMMARY OF THE INVENTION 

£0012] It is an object of the present invention to pro- 
vide a method lor encoding/decoding an error correcting 
so code suitable for maintaining an original transmission 
distance when the degree of time division multiplexing 
for an optical signal is increased, for maximizing a trans- 
mission distance for a mixture of optical signals at dif- 
ferent bit rates under the wavelength division multiplex- 
es jng, and for increasing a regenerator interval on condi- 
tion that the degree of time division multiplexing is not 
Changed, a transmitting apparatus using the method, 
and a network. 

[0013] More particularly, the present invention pro- 

30 vides a method for encoding/decoding an error correct- 
ing code which has a gain sufficient to address a double 
increase in the degree of time division multiplexing of 
optiGal signals transmitted through a single-core optical 
fiber; maintenance of an original transmission distance 

as when such optica! signals are wavelength multiplexed; 
and realization of a increase in a regenerator interval of 
optical signals by a factor of four, a transmitting appa- 
ratus using the method, and a network. 
[0014] It is another object of the present invention to 

40 provide a method for encoding/decoding an error cor- 
recting code which has a high gain while ensuring the 
mutual connectivity with an existing transmission net- 
work into when the eight-error-carrecting Reed-Solo- 
mon code has been introduced, a transmitting appara- 

■43 tus using the' method, and a network. 

[0015] It is a further object of the present invention to 
provide a method for encoding/decoding an error cor- 
recting code suitable for long distance transmission of 
a Giga bits Ether signal, a transmitting apparatus using 

50 the method, and a network. 

[0016] ft is a further object of the present invention to 
provide a method for encoding/decoding an orror cor- 
recting code for limiting an increase in the scale of ap- 
paratus when a client signal has a bis rate equal to or 

ss higherthan thai of STM-16, atransmitfing apparatus us- 
ing the same, and a network 

[0017] To provide solutions so the problems men- 
tioned above, in a method for encoding an error correct- 
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ing code according to the present invention, a client sig- 
nai having a consta nt bit rate is segmented every a bytes 
to create code information biooks. The bit rale of the cli- 
ent signal is increased such that it has the code infor- 
mation block and an empty area of b bytes, and the ratio s 
c/a is equal to or higher than 110 % to create a code 
block 3 comprised of c bytes. The code information 
block in the code block is encoded such that an error 
correcting code is included therein to have an encoding 
gain of 6dB or higher for a bit error ratio of 1Q-« Asso- w 
ciateti check bits are placed in the empty area to even- 
tually generate a super FEC signal. 
[0018] AliernativeJy. a clieni signal having a constant 
bit rate is segmented every (Kr-'Ke) bytes to create an 
information block 100. The bit rate of the information is 
block 1 00 is increased by a factor of {Nr - Nc)/(Kr -:Kc)} 
to create m coded block 130 comprised of (Nr- Nc) 
bytes. The information block 100 is Interleaved every ar- 
bitrary 6 bytes Kr limes, and placed within (Kr rows -. 
Kc columns) in the coded block 130 to create empty ar- so 
eas 11 OB, 110C. 1206. Then, each code sunblock 10-i 
f>1 , 2, .... Kr) in each of Kr rows is subjectedto fc-error- 
correctjon encoding (C1 -encoding), and associated 
chock bits arc placed in the empty area 11 OB. Subse- 
quently, every m consecutive bytes are fetched from ss 
each of the Kr code subbiocks 1 0-i, and each of jm code 
subblocks 20-j (j=1 ■ 2. 3, .... jm) comprised of (m -:Nr) 
bytes is subjected to an n-error-correction encoding 
(CS-encoding), and associated check bits are placed in 
the empty area 1 206. 30 
rO019j Then. {Nr • Nc)/(Kr .'Kc)} is scaled to faS within 
a range of 1 1 0 % to 1 30 % in percentage notation, and 
the C1 -encoding and the C2-encoding are combined to 
generate pseudo product codes or concatenated codes 
to provide a super FEC signal which has an encoding ss 
gain of 6 dB or higher for a bit error ratio of 10" 12 . 
[0020] Also . the same frame structure is employed ir- 
respective of the type of client signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 40 

[0021J Preferred embodiments of the present inven- 
tion will now be described in conjunction with the accom- 
panying drawings, in which 

45 

Fig. 1 is a diagram of a frame structure for showing 
a method for encoding an error correcting code ac- 
cording to a first embodiment of the present inven- 
tion: 

Fig. 2 is a diagram of a frame structure for showing so 
the method for encoding the error correcting code 
according to tho first embodiment of the present in- 
vention; 

Fig. 3 is a diagram of a frame structure for showing 
a method for encoding an error correcting code ac- ss 
cording to a second embodiment of the present in- 
vention; 

Fig. 4 is a diagram of a frame structure for showing 



the method for encoding an error correcting code 
according to the second embodiment of the present 
invenlion: 

Fig. 5 is a diagram of a frame structure for showing 
a method for encoding an error correcting code ac- 
cording to a third embodiment of the present inven- 
tion; 

Fig. 6 is a diagram of a frame structure for showing 
the method for encoding an error correcting code 
according to the third embodiment of the present 
invention; 

Fig. 7 is a diagram of a frame structure for showing 
a method for encoding an error correcting code ac- 
cording to a fourth embodiment of the present in- 
vention; 

Fig. B is a diagram of a frame structure for showing 
a method for encoding an error correcting code to 
a fifth embodiment of the present invention; 
Figs. 9A and 9B are tables each showing the types 
of possible codes for use in the method for encoding 
an error correcting code according to an eighth em- 
bodiment of the present invention; 
Fig. 10 a diagram of a frame structure for showing 
a method of encoding an error correcting code ac- 
cording to a ninth embodiment of the present inven- 
tion; 

Fig. 11 a diagram of a frame structure for showing 
a method of encoding an error correcting code ac- 
cording to a tenth embodiment of the present inven- 
tion; 

Fig. 12 is a block diagram illustrating the configura- 
tion of a super FEC signal transmitter according to 
a thirteenth embodiment of the present invention; 
Fig. 13 is a block diagram illustrating the configura- 
tion of a super FEC signal transmitter according to 
a fourteenth embodiment of the present invention; 
Fig. 14 is a block diagram illustrating the configura- 
tion of a super FEC signal receiver according to a 
fifteenth embodiment of the present invention; 
Fig. 1 5 is a block diagram illustrating the configura- 
tion of a super FEC signal receiver according to a 
sixteenth embodiment of the present invention; 
Fig. 1 6 is a block diagram illustrating the configura- 
tion of a transmitting apparatus according to a sev- 
enteenth embodiment of the present invention; 
Fig. 1 7 is a block diagram illustrating the configura- 
tion of a transmitting apparatus according to an 
eighteenth embodiment of the present invention; 
Fig. 16 is a block diagram illustrating the configura- 
tion of a transmitting apparatus according to a nine- 
teenth embodiment of the present invention; 
Fig. 19 is a diagram illustrating a network topology 
according to a twentieth embodiment of the present 
invention; 

Fig. 20 is a diagram showing a time series relation- 
ship among a parallelized signal, a clieni signal and 
a super FEC signal; and 

Fig. 21 is a diagram showing a time series relation- 
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ship among a paral lellized s ignal, a client signa I and 
a super FEC signal. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0022] The present invention wili hereinafter be de- 
scribed in detail with reference to me accompanying 
drawings. 

[0Q23] A signal applicable to an embodiment may be 
a signal which has a fixed bit rate and can be segmented 
inlocode blocks of a fixed length, and ah error correcting 
code applied thereto may be a systematic signal. For 
example, SDH- or SONET-based transmission signai is 
a signal formatted in frames at a cycle of 125 microsec- 
onds, and can be arbitrarily segmented into code blocks 
of a fixed length, so that this signal satisfies the forego- 
ing definition, 

[0024] in the following, assume thai a Reed-Solomon 
code is defined as a code on Galois field (258). and a 
BGH code as a binary SCH code. Also, the Reed-Solo- 
mon code is abbreviated as the "RS code" for simplifi- 
cation. 

(First Embodiment) 

[0025| A melhod Of encoding an error correcting code 
according to one embodiment of the present invention 
will be described below with reference to Figs. 1 , 2, 20 
and 21 . 

[0026] Figs. 1 and 2 show an Information data area 
and an encoded area in a frame structure. 

(Description of Encoding Side} 

[0027] The following description is directed to an en- 
coding side which receives a client signal from a trans- 
mission path on a client side, error-correctiort-encodes 
the client signal, and then transmits the resulting signal 
to a super Sine side as a super FEC signal. 
[0028] While the. client signal may be either an electric 
signal or an optical signal inpractice, it is assumed here- 
in that, when an optical signal is concerned, the optical 
signal converted to an electric signai is the client signal, 
[0029] A client signal having serial bits arranged on a 
time series basis is segmented into blocks of (KrxKc) 
bytes (called the "first coded information block"), and 
each of the first coded information blocks is parallelly 
expanded in Kr stages every predetermined consecu- 
tive bytes (every 5 bytes). 

[0030] Here, Kr. Kc are arbitrary integer values, and 
for example. Kr=l6 and Kc=238. A blank area 100 in 
Fig. 1 represents parallelly expanded firs) coded infor- 
mation blocks. Each rectangle field in Fig. 1 indicates 
one byte, wherein bits in each byte may be oriented in 
the row direction or i n the colum n direction . Bits oriented 
in the row direction indicate a parallel expansion of Kr 
bits, while biis oriented in She column direction indicate 
a parallel expansion of (Kr- 8) bits, in the following, the 



first coded information blocks are treated as the parallel 
expansion in a Kr stage, irrespective of the orientation 
of bits within a byte, however, with bits oriented in the 
column direction (Kr • 8) may be newly processed as Kr 

5 in a manner similar to the following, 

[0031] The parallel expansion may be organized in a 
sequence such that 6 consecutive bytes on a serial cli- 
ent signal are mapped to serial S bytes on the first row 
in Fig. 1. the next continuous S bytes on the client signal 

•o are mapped to S serial bytes on a second row. and so 
on. The value of 6 may be arbitrary as long as it is a 
divisor of Kc, For example, the value of 8 may be one, 
or the number of bytes for the interleaving in the multi- 
plexing rule when the client signal is a SONET/SO H sig- 

« nal. Further alternatively, in the parallel expansion, eve- 
ry 5 bits may be mapped instead of every a bytes. When 
every 6 bits are mapped, "every 5 byles" may be re- 
placed with "every 6 bits" in the following description. 
Rg. 20 shows a relaiionship befween sequences of se- 
20 rial bits and bits of the client signal and those of a parallel 
signal. In Fig. 20, Kc* indicates a value derived by divid- 
ing Kc by 6. 

[0032] Fig. 20 shows the relationship between se- 
quences of bits and bytes of data when a client signal 
2S is converted into a paratlellized client signal, and vice 
versa. 

[0033] For converting a client signal into a paratlel- 
lized client signal, 5 conseeuihre bytes (#1-1) on the se- 
rial client signal are mapped to 8 serial bytes (#1-1 ) of 
30 the first row in a parallel signal, and subsequently, every 

5 consecutive bytes (#2-1 . #3-1 #Kr- 1 ) on the serial 

client signal are mapped to every 8bytes (#2-1 , #3-1 

#Kr-1) on second through Kr-th rows of the parallel sig- 
nal to arrange the (Kr >: 8) consecutive bytes on the se- 
rial client signal in Kr parallel rows. Similarly to the 
above, subsequent (Kr - 6) consecutive bytes on the se- 
rial client signai are also arranged in Kr parallel rows. 
Of course, after the signal is parallelled in this way, the 
respective rows are simultaneously transmitted in an 
apparatus of interest. 

[0034] Conversely, for serializing a parallelled cl ient 
signal to a client signal, the operation reverse to the 
above is performed; 

[0035] A first coded information block signal of the 
parallelly expanded (Kr -;Kc) bytes is received, and its 
bit rate is increased by a factor of (NCKc) to create an 
empty area of {Kr • (Nc-Kc)J byles. Areas 11 0B, HOC 
indicated by rightwardly inclining hatchings in Fig. 1 cor- 
respond to the empty area. Here, Nc is an arbitrary in- 
teger value, for example, 255, 

[0036] Next, regarding each of Kr rows (each having 
Nc bytes) as a code subbtoek 10-i f>1. 2, Kr), first 
encoding is performed independently on each code sub- 
block 10-i (the resulting code is called the -"Cl code"). 
Specifically, a check bit calculation associated with the 
C1 -encoding is performed for a total of (Kc+1 ) bytes in 
the f rrst to the (Kc+1 )th columns in the area 11 OA in each 
of the code subblocks 1 0-i, and resulting check bits are 
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placed in a total of (Nc-Kc-1) bytes in the (Kc + 2)th to 
Nc-th columns in the area 1 1 0S . 
[0037] As an example of the C1 code, a terror-cor- 
recting RS code (na. ka) or an ^-error-correcting BCH 
code (nb, kb) may be used. 

[0038] Here, the notation of an RS code (na, ka) gen- 
erally refers to a symbol having a code length equal to 
na; a symbol hawing an information length equal to rib- 
and a symbol having (na-nb) check bits, wherein one 
symbol is one byte long in the case of a code on Galois 
held (256). The notation of a BCH code (nb, kb) means 
that the code length is nb bits; the information length is 
kb bits; and the cheek bits has a length of <nb-kb) bits 
f0039] As the foregoing RS codes, it is possible to use 
a code which has the respective parameters satisfying 
the following equations when No is 255 or less: 

1<<t.£E(NC-Kc-1)/2] 



na=Nc 



ka=na-2'-> 

[0040} Also, when Nc is 256. it is necessary to exclude 
one byte from a code region. If the first column is ex- 
cluded, an RS code which has the parameters satisfying 
the following equations can be used; 

l£<t>£[(Nc-Kc-1)/2] 
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equations: 



to 



l£nS{(Np-Kp-s)/rJ 

5 

nb=Np 

to kb-nb-r-.'^ 
as a minimum integer that satisfies: 



Np<<2 r ) 

when Np is not 2's factorial, where Np is the number of 
bits in each code subblock 10-i; and Kp is the number 
of bits in the second to (Kc+1 )th columns in each code 
subblock 10-i, 

[0043] On the other hand, when Np is 2 r , a is neces- 
sary to exclude one byte from a code region. For exam- 
ple, B is possible to use a BCH code based on Galois 
field (2>) which has parameters satisfying the followinq 
equations: 



30 



l£ils[{Np*Kp-s-1)/r] 



nb=Np-l 



kb=nb-rx$ 



na=Nc-l 



35 



ka=na-2 •■:<!. 

[0041] if the 258th column is excluded, an RS code 
which has the parameters satisfying the following equa- 
tions can be used: 



1s$<[(Nc-Kc-2)/2] 



40 



4S 



na=Nc-1 



ka=na-2-.$ 

where [z] represents a maxtm urn integer equat to or less 
than 7 

[0042] For the aforementioned BCH code, it is possi- 
ble to use a BCH code based on Galois field {2*} which 
has respective parameters satisfying the following 
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with the last one bit selected as the excluded region in 
each code subblock 10-i, where s is one only when the 
number of parallel expansions in the parallel expansion 
of Kr stages is (Kr> S) bits, and the cede subbfock 10-i 
0-1,2, , KrxS) is constructed for each bit, and oth- 
erwise s is eight. 

[0044] When the above ka is larger than (Kc+1) or 
when kb is larger than (Kp+s), a region except for that 
required for the check bits in the area 1 1 0B may be used 
as an information region for encoding or set to a virtual 
fixed value. 

[0045] Also, if a C1 code has the above na iess than 
2S5 or nb less than f(2')-1 ), it is regarded as a shortened 
code in whwh logically tacking information is virtually as- 
sumed to be zero. 

r0046] Next, (Kr >:Ncj bytes of theentire KrC1-enood- 
ed sub-blocks 10-i (M, 2, .... Kr) are formatted into a 
second coded information block whose number of par- 
allel stages is increased fromKrto Nrto create an empty 
area of ((hir-Kr) ■ Nc} bytes In Rg. 2, an area 120A in- 
dicated by blank corresponds to the second coded in- 
formation block, while an area 1208 indicated by rigftt- 
wardly inclined hatchings corresponds to the empty ar- 
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ea. Here, Nr is an arbitrary integer value target than Kr, 
for example, 18. 

[0047] Then, after the number of parallel stages has 
been increased, the resultant signal is segmented into 
arbitrary m columns, i.e., every (Nr '.m) bytes. Each of 
the columns is designated a code subblock 20-j (j=l, 
2 jm), and second encoding is performed independ- 
ently on each of the code subblocks 20-j {the resulting 
code is called the "C2 code"). 
[0048 J Specifically, in each ol the code subblocks 20-j, 
a check bit calculation for the C2-encoding is performed 
on a total of (Kr ■ m) bytes from the first to Kf-th rows in 
the area 120 A, and resulting check bits are placed in a 
total of ((Nr-Kr).-;m) bytes from the (Kr+1)th to Nr-th 
rows in the area 1208, where jm represents <Nc/m>, 
and <z> represents a minimum integer value equal to 
or larger than 2. 

[0049] Here,- alternatively, the check bits of the code 

subblock 20-j 0=1, 2 jm) may be shifted and placed 

in a check bit. area for the next code subblock 20-fj+1 }, 
in which case a defay time possibly caused by the en- 
coding can be limited. In this event, the check bits of the 
last code subblock 20-jm are placed in a check bit area 
for a code subblock 20-1 of the next frame. 
[0050} In another way. when m is not a divisor of Nr 
including one. the number of columns in the last code 
subblock 20-jm results in less than m. In such a case, 
(he code subblock 20-jm may be excluded from those 
subjected to the C2-eneoding, or the code subblock 
20-jm may be C2-encoded together with the next sec- 
ond coded information block without interruption. In the 
latter case, appropriate encoding/decoding can be real- 
ized by inserting a particular framing pattern as de- 
scribed later in a method of using the first column. 
[0051] As an example of the C2 code, a X-error-cor- 
recting RS code (nd. kd) or a p-error-correcting BCH 
code (ne, ke) may be used. 

[0052] As the above RS code, it is possible to use a 
code which has the respective parameters satisfying the 
following equations when Nr is equal to or less than 255; 

1<X<((Nr-Kr) -.m/2] 



nd=Nr-l 



s kd=nd-2 ■ X 

while predetermined bytes in the area 1 20B are chosen 
as an excluded region. 

[0054] For the BCH code, on the other hand. It is pos- 
io sible to use a BCH code based on Galois field {&) which 
has the respective parameters satisfying the following 
equations: 

1^pS[«Nq-Kq)/r] 



ne=Nq 



ke=*ne-r -- p 
as a minimum integer which satisfies: 

Nq<(2 f ) 

when Nq is not 2's fractional, where Nq is the number 
of bits in each of the code subblocks 20-j, and Kq is the 
30 number of bits in the first to Nr-th rows in each of the 
code subblocks 20-j. 

[005$] On the other hand, when Hp is 2', one bit must 
be excluded from a code region , and it is possible to use 
a BCH code based on Galois field (2 f ) which has the 
35 respective parameters satisfying the following equa- 
tions; 



JO 



1Sp£[{(Nq-Kq-1)/r} 
ne=Nq-1 



20 



nd=Nr 
kd=rtd-2 ■ \ 

50 



[0053] On the other hand, when Nr is 256. one byte 
must be excluded from the code region, wherein it is 
possible to use an RS code which has the respective 
parameters satisfying the following equations: 

1 sX<[{(Nr-Kr) ■ m-1)/2] 



ke=ne-r - p 

while predetermined bytes in the area 120S are chosen 
as an excluded region. 

[0056] When the above kd is larger than (Krxm) or 
when ke is larger than Kq. a region except for that re- 
quired for the check bits in the area 1 20B may be used 
as an information region for encoding or set to a virtual 
fixed value. 

JO057] Also, if a C2 code has the above nd less than 
255 or ne less than ((21-1 ), it is regarded as a shortened 
code in which logically lacking information is virtually as- 
sumed to be zero. 

[00581 Then. (Nr.-Nc) bytes of a coded block 130, 
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which has undergone the C1 -encoding and the C2-en- 
eoding as described above, Is interleaved in Nr stages 
every e bytes from a row to another in the order reverse 
to the order in which the first coded information biocK 
was initially expanded in parallel, to convert the coded 
block 130 to a digital stgnai which has serially a/ranged 
bils on a time series basis. After the resulting digital sig- 
nal is scrambled as required, it is transmitted to the su- 
per line side as a super FEC signal. Here, the interleav- 
ing is performed in a sequence such that e consecutive 
bytes on the first row in Fig. 2 are mapped to e consec- 
utive bytes on the serial digital signal, f consecutive 
bytes on the second row are mapped to the next e con- 
secutive bytes on the serial digital signal, andsoon The 
value of £ may be arbitrary as long as it is a dtvisor oi 
Nc for example, it may be one identical to 5 or the 
number of bytes lor the interleaving in the multiplexing 
rule when the client stgnai is a SONET/SDH signal Fur- 
ther alternatively, in the digital conversion every e bits 
may be mapped instead of eve,y e bytes. When every t - 
bits are mapped, "every e bytes" may be replaced with 
every e bits* in the aforementioned arid following de- 
scriptions. Fig. 21 shows a relationship between se- 
quences of serial bits and bytes of the parallel signal 
and those of a serialized super FEC signal. In Rg. 21, 
Nc* indicates a value derived by dividing Nc by 5. 
[0059} Fig. 21 shows the relationship between se- 
quences of bits and bytes of data when a super FEC 
signal is converted into a parallel signal, and vice versa 
£0060} For converting a super FEC signal to & parallel 
signal, t consecutive bytes (#1-1) on the serial super 
FEC signal are mapped to e serial bytes (#1-1) on the 
first row of the parallel signal, and subsequently every 

e consecutive bytes (#2-1 , #3-1 #nm ) on the super 

FEC signal are mapped to every e bytes (#2-1 #3-1 
#NM) on the second through Nr-th rows of the parailei 
signal to arrange the consecutive (Nr\ E ) bytes on the 
super FEC signal in Nr paralfel rows. Similarly to the 
above, subsequent consecutive (Nr ■, e) bytes on the su- 
per FEC signal are also arranged in Nr paraifel rows Of 
course, after the signal is parallelled in this way, the 
respective columns are simultaneously transmitted in 
an apparatus of interest. 

[0061] Conversely, for serializing a parallel signal to 
a super FEC signal, the operation reverse to the above 
is performed. 

10062] tt can be seen that the parallel signal shown in 
Fig. 20, which has added thereto the check bits for the 
C1 -encoding and the check bits for the C2-encoding 
appears to be the parade! signal shown in Fig. 21 
[O0S3] As a result, the bit rate of the super FEC signal 
» «Nr/Ki)> (Nc/Kc) times as high as the bit rate of the 
client signal It should be noted that the scrambling may 
be performed as appropriate in paralfel. For example 
the scrambling may be performed on a paralteliizedsig^ 
nai in Nr stages before it is interleaved. 
[0064] In the foregoing description, after the client sio- 
nai al a fixed bit rate has been segmented into first cotL 



ed information blocks, each of which is (Kr. Kc) byes 
long, the bit rate may be increased at a time by a factor 
of «Nr>. IMc)/(Kr - Kc)} to correspond to the coded block 
130 of (Nr -:Nc> bytes long. Then, the first coded infor- 
matofl biocks of (Kr • Kc) bytes iong may be interleaved 
Kr times on a byte-by-byte basis, and placed in a region 
comprised of (Kr rows v Kc columns), which corre- 
sponds to the coded block 130, to create empty areas 
110B.110C.120B. y 

70 

(Method for Using First Column and Method for Inserting 
Information into First Column) 



fOOSSj Into the first column in Figs. 1.2, a framing pat- 
tern, and overheadforOAM&P {Operation. Administra- 
tion, Maintenance and Provisioning) of a transmission 
networtareinsertedtorestablishingsynchron^ationon 
the reception side. Specifically, at a stage after increas- 
ing the bit rate or the first coded information block having 
(Kr .v Kc) bytes by a factor of (Nc/Kc), the framing pattern 
is inserted into a portion or the entirety of the first col- 
umn, and the overhead for OAM&P of the transmission 
network is inserted into the remaining area ft should be 
noted that the overhead for OAM&P may not be essen- 
25 tially inserted. 

[0066] Assume herein that at feast two types or more 
of predetermined fixed values are inserted for the fram- 
ing pattern, in which case the same pattern values are 
sequentially arranged in an interleaving direction For 
30 e *ampte, the same value <F6) hex as the A1 byte de- 
fined in SONET or SDH is inserted into a framing area 
F1 of ix bytes long from the first to ix-th rows, while the 
same value (28) hex as the A2 byte defined in SONET 
or SDH is inserted into a framing area F2 of (iy-fx) bytes 
long from (ix+1 )th to iy-th rows. Here, (z) hex represents 
a value in hexadecimal notation. Also, ix and iy are ar- 
bitrary integer values which satisfy iSixfiiysNr. where iz 
may be an arbitrary integer value in a range of one to 
fNr/2), so that (ix. fy)={iz,izx2) is satisfied. 
■»f [0067] Of course, the framing pattern values may be 
other than the foregoing, and are pref erabty pattern val- 
ues which have the least possible repetitions of the 
same values. 

[0068] fn another way, a plurality (p) of second coded 
information blocks or a plurality (p) of coded biocks may 
be chosen to be a single multiframe. wherein a previ- 
ously determined framing pattern may be inserted into 
an area assigned to the top second coded information 
block ,n the single rnuitiframe ora portion orfhe entirety 
of the first column in the plurality of encoded blocks 
while the overhead for OAM&P of a transmission line 
maybe inserted into the remaining area and into the first 
column of each of second to p-th blocks. 
[0069] Furthef.whenmisnotadivisorofNrincludeing 
one, and the last code subbiock 20-jm in the current sec- 
ond coded information block undergoes the C2-encod- 
■ng together with the next second coded information 
block without interruption, a framing pattern set A is in- 
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serted into the first column in the current second coded 
information block, and a framing pattern set B different 
from the framing pattern set A is inserted into the first 
column of each of the next second coded information 
block to a second coded information block in which a 
certain code subblock 20-jp (1 Sjpsjm) ends exactly on 
the Nr-th column. The decoding side can detect a sec- 
ond cdded information block m which a code subblock 
20-1 begins from the first column by finding the framing 
pattern set A, so that an appropriate decoding operation 
can be realized by beginning an decoding operation at 
the time this block position is first detected. As an ex- 
ample of the framing pattern set A, a value (F6) hex may 
be inserted into the framing area Ft, and a value (28) 
hex may be inserted into the framing area F2. in this 
event, as an example of the framing pattern set B, a val- 
ue (AA) hex may be inserted into the framing area F1 . 
and a value (33) hex may be inserted into the framing 
area F2. 

[0070] Alternatively, the overhead for OAM&P of a 
transmission network may be inserted instead of the 
framing pattern set B, 

[0071] Also, when the super FEC signal is scrambled 
as described above, the scrambling is omitted in the ar- 
eas in which the framing patterns are inserted. 

(Description of Decoding Side) 

[0072] Now, description will be made on the decoding 
side Which receives and decodes a super FEC signal 
and then transmits the decoded signal to a communica- 
tion path on the client side as a client signal. 
[0073] On the decoding side, a signal is processed in 
the order reverse to the encoding side. After a super 
FEC signal., encoded as described above, is received 
through a transmission line from the super line side and 
frame-synchronization is established, the resulting sig- 
nal is descrambted as required, and each of encoded 
blocks having (Nr.-: Nc) bytes is parallelly expanded (de- 
interieaved) In Nr stages every e bytes. The entire region 
in Fig, 2 corresponds to She coded blocks thatitave been 
parallelly expanded. It should be noted that the frame 
synchronization and descrambling may be performed 
adequately in parallel. For example, the coded blocks 
may oe parallelly expanded in Nr stages every e bytes 
at this stage. 

[0074] Here, the de-interleaving is performed in a se- 
quence such that e consecutive bytes on a serial super 
FEC signal are mapped to e serial bytes on the first row 
in Fig. 2, the next t consecutive bytes on the super FEC 
signal are mapped to e serial bytes on the second row. 
and so on, as shown in Fig. 21 . 
[007S] Subsequently, for jm code subblocks 20-j (j= 1 , 
2, jm), C2 codes are decoded in the order in which 
these code blocks have been received (called the "C2 
decoding"). 

[0076] Next, a check bit area 1 2GB for the C2 code ol 
{(Nir-Kr) -:Nc} bytes long in the jm C2-decoded code 



subblocks 20-j 0=1 ■ 2 jm)areterminafedforerasure. 

or complelely ignored in a subsequent process. 
[0077] Next. C1 codes are decoded independently for 

Kr coded subblocks 1 0-i (t=1 . 2 Kr) after the C2 de- 

$ coding (called the "C1 decoding"). 

[0078] Finally, the bit rate of the C1 -decoded code 
subblocks 10-i (i=t. 2. Kr) is reduced by a factor of 
(Kc/Nc). and the check bit area for the C1 code of {Kr - 
(Nc-Kc)} bytes long, the framing pattern area and the 
ro overhead area are erased. Then, the code subblocks 
10-i are interleaved every 5 bytes from the first to Kr-th 
rows in Fig. 1 from one row to another in Kr stages to 
restore an original client signal which has Its bits serially 
arranged in a time serial manner. If necessary, the re- 
ts stored client signal is converted into an optical signal 
which is then outpurted to the transmission path on the 
cSent side Here, the interleaving is performed in a se- 
quence such that 5 consecutive bytes on the first row in 
Fig. 1 are mapped to 8 consecutive bytes on the serial 
so client signal S consecutive bytes on the second row are 
mapped to the nexl 5 consecutive bytes on the serial 
client signal, and so on, as shown in Fig. 20. 

(Description of Separation/Termination of Overhead, 
55 and Performance Monitoring Method) 

[0079] Assume that the processing involved in sepa- 
ration/termination of the overhead for OAM&P ol a 
transmission network is performed at a particular posi- 

30 tion after the frame synchronization has been estab- 
lished, and before the bit rate is reduced for Itie C1 -de- 
coded code subblocks 1 0-i (i=1 .2 Kr). 

[0080) For monitoring the performance such as the 
number of bit errors and a bit error ratio on a trarismis- 

35 sion network, a BIP (Bit Interleaved Parity) parity fnay 
be added to the overhead for OAM&P, such that the per- 
formance can be monitored on the decoding side based 
on the number of error bits which can be detected by 
matching the 8SP parity both or either of before decoding 

*o and after decoding, Alternatively, the performance may 
be monitored directly based on the number of error bits 
which were corrected in a decoder; Further alternatively, 
when either the C1 code or the C2 code is a Reed-Solo- 
mon code or a BCH code and its generator polynomial 

•« G(z) includes a factor (z+1), the performance may be 
monitored using the result of a syndrome calculation as- 
sociated with « to zero-In power in me decoder. This 
monitoring utilizes the fact that the syndrome calculation 
associated with a to zero-lh power has a fu notion equiv- 

50 alent to the BIP parity matching. Here, a is a primitive 
element of Galois field (2°) which is the basis for the 
Reed-Solomon code and 8CH code. 
[0081] In another way, threshold values may be set 
for the number of bit errors and the bil error ratio from 

55 an external control syslem, such that the actual number 
of bit errors and bit error ratio found By the foregoing 
performance monitoring method are compared with the 
thus set threshold vaiues. respectively, and the external 
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control system is notified of degradation alarm if any 
tnreshoid value is exceeded. 

[0082] The method for encoding a generator polyno- 
mial for the RS code and BCH code, check t* calculat- 
ing method, decoding algorithm, i.e., syndrome calcu- s 
laiing method, method for calculating an error position 
and error value based on the syndrome, and method for 
compensating for code shortening are welt known so 
that detailed description thereon is omitted 
[0083] The first embodiment can facilitate the encod- to 
mg of an error correcting code which has a sufficient 
gain of 6 dB or more for a bit error ratio of 10>« As a 
res ult. i!is possible to readily encode an error correcting 
code which is suitable for maintaining a transmission 
distance when the degree of multiplexing is increased is 
m the time division multiplexing, maximizing the trans- 
mission distance for a mixture of optical signals at dif- 
ferent bit rates in the wavelength division multiplexing 
and increasing a regeneralor interval on condition thai 
the degree of multiplexing ,s not changed in the time di- 20 
vision multiplexing. 



20-j for the C2-encoriing exist, wherein each code sub- 
block has its bits arranged serially in the column direc- 
tion. In this case, either of the following two can be em- 
ployed as the C1 code: 

. a single-error-correcting shortened RS code {18 
1 6): and 

• a double-error-correcting shortened BCH code 
(144, 128) based on Galois field (256). 

[0091 ] Alternatively, when m is set to two to create 1 28 
code subblocks 20-j for the Conceding, and one col- 
umn lacking in the last code subblock 20-128 is regard- 
ed wrtualty as zero, either of the following two may be 
employed as the C2 code: 

a double-ermr-correctlng shortened RS code (36 
32); and ' 

- a triple-error-cornecling BCH code (288. 261) based 
on Galois field (512). 



(Second Embodiment) 



[0084] A second embodiment of the method for en- 
coding an error correcting code according to the present 
invention is shown in Figs. 3 and 4. Here. Figs 3 and 4 
each show an area for coded data in a frame stiucture 
[0085] The embodiment shown in Figs. 3 4 which are 
similar to the embodiment shown in Figs. 1 2, respec- 
tively, is a particular case where Kc=238 Nc-25S 
Kr=16, andNr*18. 

£086] Also, with 5=1 . a client signal is parallelled to 
ifl bytes on a byte-by-byte basis. Each of the paraliel- 
Ifzed 1 6 bytes corresponds to 1 6 rows. Also, each byte 
» parallelled on a bit-by-bit basis, so that the client ato- 
nal 1S parallelled to 1 28 row in consequence 
[0087J Whencodesubblocks 10-ifortheCl-encodmo 
comprise 16 subblocks each having a length of 255 
bytes corresponding to each of 16 rows, either of the 
following two can be employed as the C1 code: 

• an eight-error-correcting RS code (255 239)' and 

• an eleven-error-correcting shortened BCH code 
(2040, 1919) based on Galois field (2048) 

[0088] Of course, a code having a lower correcting ca- 
pability may also be used. 

[0089] In another way, when the code subblocks 1 0-i 
for the C 1 -encoding comprise 1 28 subblocks each hav- 
ing a length of 255 bits corresponding to 126 parallel 
lizod bits, the following may be employed as the C1 
code: 



. a double-error-correcting BCH code (2S5 239} 
based on Galois field (256) 

[0090] In Fig. 4, with m setfo one. 255 code subblocks 



30 



fOQ92] Further alternatively, when m is set to eight to 
create 32 code subblocks20-j for the C2-encoding and 
one column lacking in the last code subblock 20-32 is 
5 regarded virtually as «ro, either of the following two 
may be employed as the C2 code : 

an eight-error-correcting shortened RS code [144 
128); and 

an eleven-error-correcting shortened BCH code 
(1152, 1031) based on Galois field (2048). 

[0093] The bite rate of a super FEC signal in the sec- 
35 e "* od,ment is approximately 1 ,2054 times as high 
« as that of a client signal. 

[0094] The second embodiment can facilitate the en- 
coding of an error correcting code which has a sufficient 
gain of 8 dB for a bit error ratio of 10 « As a result it is 
possible to readily encode an error correcting code 
wh,ch ,ssurtable for maintaining atransmisston distance 
*hen the degree of multiplexing is increased in the time 
division multiplexing, maximizing the transmission dis- 
tance for mixed optical signals at different bit rates in the 
wavelength division multiplexing, and increasing a re- 
generator interval on condition that the degree of multi- 
plexing ts not changed in the time division multiplexing. 

(Third Embodiment) 

50 JT00S5] Another embodiment of the method for encod- 
ing an error correcting code according to the present in- 
vention is shown in Figs. 5 and 6. Here, Figs S and 6 

r^fT an afea for ° 0ded data ,n a fra ™ s '^re. 
IWJS6J The embodiment shown in Figs . 5, 6 which are 
» similar to the embodiment shown in Figs. 1 , 2 respec- 
tively, b a particular case where Kc=232 Nc=25fi 
Kr=S6, and rJr=64, 

POST] Also, in a mannersimilarfo the second embod- 
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imertt, with 5k 1, a client signal is parallelled lo 56 bytes 
on a byte-by-byte basis. Each of the parallelized 56 
bytes corresponds to 56 rows. Also, each byte is paral- 
lelized on a bit -by-bit basts, so thai the client signal is 
parafiellized to 448 bits as a consequence. 
[0098] When code subblocks 1CM for C1 -encoding 
comprise 56 subbtocks each having a length of 256 
bytes corresponding to each of 56 rows, either of the 
following two may be employed as the C1 code; 

an eleven-error-correcttng RS code (255, 233) 
which has the iast one byte excluded from a code 
region: and 

a 1 6-error-correcting BCH code (2047, 1 904) based 
on Galois field (2048) which has the iast one byte 
excluded from a code region. 

[0099] Ol course, a code h ayirsg a lower correcting ca- 
pability may also be used. 

[01 00] In another way. when the code subblocks 1 0-i 
for the C1 coding comprise 448 subblocks each having 
266 bits corresponding to 448 parallelized bits, the fol- 
lowing may be employed as the CI code: 

a double-error-correcting BCH code (255, 239) 
based on Galois field (256) which has the last one 
bit excluded from a code region. 

[0101] in Fig. 6, when m is set to one, either of the 
following two may be employed as a C2 code: 

a four-error-correcting RS code (64. 56): and 
a. seven-error-correcting BCH code (511, 448) 
based on Galois field (512) which has the fast one 
bit excluded from a code region. 

[0102] Alternatively, when m is set to two, either of the 
following two may be employed as the C2 code: 

art eight-error-correcting shortened RS code (128, 
112): and 

a 1 2-error-correcting BCH code (1 023, 448) based 
on Galois field (1024) which has the last one bit ex- 
cluded from a code region. 

[0103] Further alternatively, when m is set to four, ei- 
ther of the following iwo may be employed as the C2 
code- 

a 1 5-error-correcting RS code (255, 225) which has 
the last one byte excluded from a code region; and 
A 23-error-corrccting BCH code (2047. 1794) 
based on Galois field (2048) which has the last one 
bit excluded from a code region. 

[0104] The bite rate of a super F EC signal in the third 
embodiment is approximately 1,2611 times as high as 
that of a client signal, 



[BIOS] The third embodiment can further facilitate the 
encoding of an error correcting code having a higher 
gain than the second embodiment. 
[0106] While all of the loregoing embodiments have 

s shown an example in which the bit rate of the first coded 
information block arranged in (Kr rows - Kc columns) 
is increased to convert it into a coded block arranged in 
(Nrrows • Ncco(umns). a predetermined check bit area 
may be created by increasing only the number o( col- 

Jo umns white maintaining the number of raws Kr constant. 
The following fourth and fifth embodiments show exam- 
ples of this scheme. 

(Fourth Embodiment) 

15 

[0107] Fig. 7 shows another embodiment of the meth- 
od for encoding an error correcting code according to 
the present invention. Here, Fig. 7 shows an area for 
coded data in a form structure. 

20 [0108] The fourth embodiment implements C2 -en- 
coding/ decoding shown in Fig. 7. premised on the 
C1 -encoding/ decoding previously described in the first 
embodiment in connection with Fig. 1 , and differs from 
the first embodiment in that a check bit area for a C2 

ss code is defined at a position different from that shown 
in Fig 2 (of the first embodiment). The following descrip- 
tion will be centered on this difference. 
[0109] In the foregoing embodiments. (Nr-Kr) tows, 
which were created by increasing the number of parallel 

30 stages upon the C2-encoding. are used as the check bit 
area 120B for the C2 code. 

[0110] On the other hand, in the fourth embodiment 
shown in Fig. 7, the bit rate of each code sobblock 1 04 
(t=1 , 2, . . . , Kr) is increased by a faclor of (N r/Kr) . arid an 

35 empty area of {(Nr-Kr) xm/Kr} columns (designated me) 
is created for every m columns and used as a check bit 
area 120C-j (j=1 , 2. .... jtn) (or the C2 code, only when 
Nc is an integer multiple of m and (Nr- m) is an integer 
multiple of Kr. As a result, a total of (Nc+jmxme) col- 

■*o umns are created. This number is also equal to (Nc :•: Nr/ 
Kr). Here, in the fourth embodiment, jm is equal to (Nc/ 
m). 

[0111] Then, each of (m+mc) columns, i.e., each of a 
region comprised of (Nr <m) bytes is defined as a code 
4S subbtock 2i-j f>l, 2. jm). Here, an area 100 corre- 
sponding to an original first coded information block is 
divided into the respective code subblocks 21-j to define 
areas 100B-j (j=1 ,2 jm). 

[0112] The C2-encoding is performed independently 
so (or each of the code subblocks 21-j segmented in the 
foregoing manner. For example, mc=1 when Kr=16, 
Nr=t8, and m=8 

[0113} Also, for converting the code subblocks into a 
serial super FEC signal aftsrthe C2-encoding, interieav- 
55 jng is performed in Kr stages instead of Nr stages. As a 
result, the bit rate of the super FEC signal is increased 
to ((Nr/Kr) ■ (Nc/Kc)) times as high as the bit rate of a 
client signal, thus providing the same result as the first 
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embodiment. 

(01 1 4] According to the fourth embodiment the check 
bits for the C2 code can be positioned at the end of the 
C2 code in the transmission sequence, in other words 
m the reception sequence, thereby making a possible to 
Simplify a scheme for parafleiiy processing the encod- 
ing/decoding of the C2 code, and suppress a delay time 
possibly occurring due to the encoding. {Fifth Embodi- 
ment) 

{01 15] Fig. 8 shows another embodiment of the meth- 
od for encoding an error correcting code according to 
the present invention. Here, Fig. b shows an area for 
data to be encoded in a frame structure. 
101 16] The fifth embodiment is generally similar to the 
preceding fourth embodiment except thai the fifth em- 
bodiment employs a more general approach including 
the fourth embodiment. The following description will be 
centered on this respect. 

[0117] in the fourth embodiment, the bit rale of each 
eocie subblock 10-i <M . z K f) is increased by a fac- 
tor of (Nr/Kr), and an empty area of {(Nr-Kr) >- m/Kr] col- 
umns is created for every m columns and used as a 

check bit area 120C-J fj= 1 . 2 jm) fo r the C2 code on 

condition that "Nc is an integer multiple of m and (Nrx m ) 
is an integer multiple of Kr." 

[0118] On the other hand, in the fifth embodiment, the 
bit rate of each of the code subblocks 1 0-i (fci 2 ' Kr} 
is increased by a factor of fU^mj], and an arbitrary 
amply area of \ columns is created for every m columns 

and used as a check bit area I20c-j (j=i, 2 jm ) for 

the C2 code. As a result, a total of (Nc+jm •:£) columns 
are created. 

[0119] Then, every (m+^) columns. I.e.. each of seg- 
mented regions comprised of {Kr • (m+j;)} bytes are de- 
fined as a code subbiock 21 -j (j=i , 2 jm). Here an 

area 100 corresponding to the original first coded infor- 
mation block is divided into the respective code sub- 
blocks 21 -j to define areas 100B-j 0=1, 2, .... jm). 
[0120] The C2-encoding is performed independently 
for each of the code subbbeks 21 -j segmented as de- « 
scribed above 

[0121] Also, for converting the code subblocks into a 
serial super FEC signal after the C2-encoding, interleav- 
ing is performed in Kr stages. As a result, the bit rate of 
the super FEC signal is increased to {{1 +g / m ) v:(Ntf <e 
Kc)] times as high as the bit rate of a client signal. 
[0122] According lo the fifth embodiment, the check 
bits for the C2 code can be positioned at the end of the 
C2 code in the transmission sequence, thereby making 
rt possible to simplifya scheme for paralfelly processing so 
the encoding/decoding of the C2 code , and more flexibly 
encode a code which can suppress a delay time possi- 
bly occurring due to the encoding. 
[0123] The transmission sequences shown in Figs 1 
through 8 indicate a sequence in which information is ss 
transmitted on a client signal and a sequence in which 
information is transmitted on a super FGC signal A 
transmission sequence as a parallelled signal is a 
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"second direction of the transmission sequence" inriicai- 
ed in each figure. In other words, the respective rows 
are simultaneously transmitted for processing. It should 
be noted that for the C1 -encoding/ decoding, the cof- 
s umns may be processed in accordance with a further 
paraliellization scheme, for example, in (Kr :•■ four stag- 
es), (Kr • 16 stages) orthe like. Also, for the C2-encod- 
ing/decoding, the respective columns may be transmit- 
ted m a "first direction of the transmission sequence" in- 
5 dicated in each figure for simultaneous processing. 
[0124] Also, as an overhead area, a predetermined 
area in the check bit area 120B for the C2 code may be 
used as a second overhead area, in addition to the area 
1 1 0C, for inserting a portion or the entirety of She framing 
pattern and the information for OAM&P of a transmis- 
sion line into this additional area. 

(Sixth embodiment) 

[0125] Another embodiment of the encoding method 
will be described betowforthe case where aclient signal 
already has the frame structure shown in Fig. 1. 
[01 26] When a client signal is received and converted 
into a super FEC signal, the client signal is ref named for 
C1 -encoding, without increasing the bit rate by a factor 
of (Nc/Kc) for creating a check bit area for a C1 code, 
followed by a transition to the C2-encoding process 
which specifically involves an increase in the bit rale for 
C2 codes, the C2-encoding, and the insertion of over- 
head. This scheme is called "single stage wrapper." 
Here, the ref raming of a client signal means that a fram- 
ing pattern- of the client signal is detected to arrange Ihe 
client signal as shown in Fig. 1, and information in an 
overhead area 11 0C of the client signal is terminated to 
insert again new information as required. 
[0127] Further, when a client signal has been encod- 
ed with the same code as the CI code, the client signal 
may be once C1 -decoded for the existing C1 code and 
subsequently C1-encoded again (method 1 ); the client 
signal may be newly C1 -encoded ignoring the existing 
CI code (method 2); or the client signal may be once 
C1 -decoded for the existing Ci code and left as it is 
(method 3), followed by a transition to the C2-encoding 
process, respectively. 

[01 28} Of course, double stages wrapper may be em- 
ployed, wherein the bit rate of the client signal is in- 
creased and C1 -encoded, followed by a transilion to the 
C2-encoding process in the same method as the fore- 
going embodiments, without taking into account the 
frame forniat of the client signal (method A). 
[01 29] Further alternative ly, the overhead area 1 1 0C 
may be processed in a transparent manner without us- 
ing as an overhead area, and a predetermined area in 
the bil check area 120B for the C2 code may be used 
as a second overhead area, 

[0130] On the contrary, when a super FEC signal is 
received and converted into a client signal and either 
of the methods 1 - 3 has been used on the encoding 
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side, the super FEC signal may be once G1 -decoded 
for a Cl code and again C1 -encoded (method 1 B) after 
a C2 decoding process: the super FEC signal may be 
newly Ci -encoded again without C1 decoding {method 
2B): or me super FEC signal may be once C1 -decoded 
and left as it is (method 3B). Then, the resulting signal 
may be outputted as the client signal without reducing 
the b it rate by s factor of (Kc/Nc) in either of the methods. 
Alternatively, when she method 4 has been used on the 
encoding side, ihe super FEC signal may be C2-<Jecod- 
ed and C1 -decoded using ihe same method as the fore- 
going embodiments, and ouiputled as the client signal 
after its bit rate is reouced tmethod 4B). Here, when the 
method 1 . for example, is used on the encoding side, 
either ot the methods 1B - 3B may be performed on the 
decoding side 

[01 31 ] Fu rther alternatively, a selection as to which of 
these methods 1 - 4 should be performed may be made 
on the encoding side based on settings from an external 
control system. 

[0132} In addition, a selection as to which of these 
methods 1B - 4B should be performed may be made on 
the decoding side based on settings from an external 
control system, or automatically. When the selection is 
made, automatically, an arbitrary predetermined area in 
the overhead for OAM&P within the first column, for ex- 
ample, may be defined as an FSl byte into which a pre- 
determined code value is inserted corresponding to an 
operation instruction for the decoding on the encoding 
side. On Ihe decoding side, the code value in the FSl 
byte is delected to select any of She methods 1B - 48 
corresponding to the detected code value, and the se- 
lected method is performed. In this case, a similar se- 
lection may be made as to the insertion of a code value 
corresponding to which operation instruction into the 
FSl byte on the encoding side based on settings from 
the external control system. 

{01 33] According to the sixth embodiment, it is possi- 
ble to encode a high gain code to generate a super FEC 
signal while ensuring the mutual connectivity when a cli- 
ent signal has been C1 -encoded. 
[0134] In either of the foregoing embodiments, the 
C1 -encoding and the C2-encoding may be performed in 
the reverse order on the encoding side, while the C1 -de- 
coding and the C2-decoding may be preformed in the 
reverse order on ihe decoding side. In this event, on the 
encoding side, the bit rate is first increased by a factor 
of (Nr/Kr). and jmb code subblocks 20-j fj=1 . 2, ..... jmb) 
are encoded with the C2 code . Subseq uentfy, the bit rate 
is increased by a factor of (Nc/Kc), and Nr code sub- 
blocks 10~i(i= 1,2, ....Nr) are encoded with the Ci code. 
Hero, jmb is equal to <Kc/m>, Then, on the decoding 
side, the processing reverse to She foregoing is per- 
formed. 

[0135] Also, in either of the foregoing embodiments, 
the two increases in the bit rate by a factor of (Nx/Kc) 
and by a factor of (Nr/Kr) or (Uf^/m)} may be initially 
performed in succession. In this case, the bit rate of se- 



rial data of a received client signal before parallel ex- 
pansion, or She bit rate after the parallel expansion is 
increased by a factor of ((Nc/Kc) • (Nr/Kr)} and ((Nc/Kc) 
- respectively, and the first coded informa- 

$ torn block is relocated at a predetermined position. 

(Seventh Embodiment) 

[01 36] In the foregoing embodiments, the check bit ar- 

>o eas 120B and 120C for the C2 codes may be left as they 
are. rather than eliminating them after the C2 decoding, 
such thai the C2 decoding is performed again after the 
C1 decoding has been performed ignoring the check bit 
areas 120B. 120C for the C2 codes. Further, the CI de- 

1$ coding may be performed again after this, or subse- 
quently the C2 decoding and the C1 decoding may be 
alternately repeated in sequence. The bit rate may be 
eventually reduced by a factor of {(Kr/Nr) >;(Kc/Nc)} 
such that an original client signal can be restored- In an- 

20 other way, after each of the C2 decoding and the C1 
decoding has been eventually terminated, the bit rate 
may be reduced by a factor of (Kr/Nr) and by a factor of 
(Kc/Nc) in each process such that an original client sig- 
nal can be restored. 

25 [01 37} According to the seventh embodiment, the C2 
decoding and the C1 decoding are alternately repeated 
in sequence, so thai a higher gain can be provided than 
the case where the C2 decoding and the C1 decoding 
are each performed only once. 

30 

(Eighth Embodiment) 

{0136} Fig. 9 A shows examples of possible C1 codes 
which can be applied to a combination of Kc, Nc, and 
35 Fig. SBshows examples of posstole C2 codes Which cart 
be appSed to a combination of Kr. Nr. m, 
[01 39] Fig. 9B shows the C2 codes for a set of (Kr, Nr, 
m) in the first through fourth embodiments, and also 
shows the C2 codes for a set of (Kr, m,£) in the fifth em- 
40 bodiment in the following relationship. Specifically, a 
certain set of (Kr. Nr, mj=(a, D , c) and a set of (Kr, m, y 
=(c. a, b) have the same code length and check bit ar- 
eas, the same code can be applied to these sets. Like- 
wise, since a set of (Kr, Nr, m)=(a. b, c) and a set (Kr, 
•« Nr. m)=(a -.p\ b c/|3) also have the same code length 
and check bit areas, the same code can be applied to 
these sets. Further, lor a set of (Kr, Nr, m}=(a, b, c) and 
a set of (Kr, Nr, m)=(d, e, f), when (a -.c) is equal to (d.-'f) 
and (b -c) is equal to (exf), the same code can be ap- 
se ptied to these sets. Likewise, for a set of (Kr. m, J^Ha, 
b. c) and a set of (Kr. m, £Hd, e - 0: when (a - :b) is equal 
to (d • e) and (a-:c) is equal to (d - f), the same code can 
be applied to these sets. Ham, a, b, c are arbitrary inte- 
gers, and p is an arbitrary integer which is a divisor of c. 
55 [01 40} if a code having a shorter code length, for ex- 
ample., in a range of 127 to 144 bitsfoytes, and a simple 
decoding algorithm; for example, a one- to three-error- 
correcting RS/BCH code is employed as the C2 code at 
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the cost of a lower correcting capability, i! is possfole to 
reduce a delay time associated with the encoding and 
decoding and simplify the scheme of encoding/decod- 
ing. 

[0141] Also : generally, from the fact that with an opti- 
cal fiber,a transmjttable distance is reciprocally propor- 
tional to approximately a square of the bit rate due to 
variance and nortlinearity effects, and an increase in the 
encoding gain of an error correcting code is gradually 
reduced even if the bis rate is increased to extend a 
check bit area, the most efficient code can be provided 
cy limiting she increase in the bit rate in a range of 110 
% to 1 30% for encoding. For this reason, the ratio of the 
super FEC signal to the client signal in bit rate, when 
expressed in percentage, maybe determined in a range 
of H0%tol30%, and the C1 -encoding and the Con- 
ceding are performed such that check bits can be ac- 
commodated in such a redundancy bit area or empty 
area: 

[01 42] According to the eighth embodiment, it is pos- 
sible to encode the most efficient code which allows for 
flexible C1 -encoding and C2-encoding and maximizes 
the transmiifable distance, 

(Nsnth Embodiment) 

[0143] Fig. 10 shows another embodiment of the 
method for encoding an error correcting code according 
to the present invention. 

[0144] The ninth embodiment differs from the afore- 
mentioned embodiments in that the sequence of col- 
umns is exchanged before encoded code subblocks are 
interleaved in Nr stages, after the C2-encodlng has 
been performed as described in the first through fifth 
embodiments. The folio wing description will be centered 
on this difference. 

[01 45] After the C2-encoding has been performed, 
the first columns 20-j-1 in respective code subblocks 
20-j (j=1 ,2,.,,, jm) are arranged in order from the sub- 
block having the smallest value of j to create jm columns. 
Next, the second columns 20-j-2 in the respective code 
subbfocks 20-j are arranged in order likewise from the 
subbiock having the smallest value of j to create a total 
of (2-/m) columns. Subsequently, the third columns 
20-j-3 through the m-th columns 20-jm in the respective 
code subblocks 20-j are similarly manipulated to create 
a total of (m vjm) columns The signal relocated in this 
way is used as the coded blocks which is then inter- 
leaved in Nr stages every E bytes from a row to another, 
in a manner similar to the first through fifth embodi- 
ments, to generate a super FEC signal. 
[0146] On the decoding side, the original code sub- 
blocks 20-j (1=1 , 2, .... jm) are restored in the original se- 
quence by performing the reverse arrangement, fol- 
lowed by the C2 decoding and the C1 decoding. 
[0147] When the above Mr is replaced with Kr, and m 
with mc. the ninth embodiment may be appfied to the 
fourth embodiment. Also, when the above Nr is replaced 



with Kr, and m with (m+J;), the ninth embodiment may 
also be applied to the fifth embodiment. 
[0148] Of course, the ninth embodiment may be ap- 
plied to the sixth and seventh embodiments. 
s [014SJ Further, when the above Nr is replaced with Kr, 
and jm with a proper value equal to or larger than two, 
and the rearrangement is performed in a manner similar 
to the foregoing after the Ci -encoding has been per- 
formed, the ninth embodiment may also be appfied to 
*o single encoding with the C1 code. 

[0150] Also, regarding the super FEC signal rear- 
ranged in the manner described above as a client signal, 
the bit rate may be further Increased to perform the 
CI -encoding and the C2-encoding as in the aforemen- 
« tioned embodiments, or the rearrangement may be re- 
peated a plurality of times to generate a super FEC sig- 
nal, in this event, on the decoding side, the operation 
reverse to that on the encoding side, i.e., a sequence of 
reverse arrangement -* C2 decoding -» C1 decoding ~> 
x> bit rate reduction are repeated the same number of 
times as the encoding side, 

[0151] While in the foregoing description, the C2-en- 
coding is performed before the sequence of the columns 
is changed, the sequence of the columns may be 
*S changed immediately attar the C1 -encoding is per- 
formed and subsequently the C2-encoding may be pre- 
formed In this case., similar to the single encoding with 
the C1 code, the rearrangement similar to the foregoing 
may be performed after the above Nr is replaced with 
30 Kr, and jm with a proper value equal to ormore than two. 
I01S2] According to the ninth embodiment, even if the 
super FEC signal suffers a large burst of errors, the er- 
rors are distributed to different C1 code areas and dif- 
ferent C2 code areas by the reverse arrangernent on the 
as decoding side, so that the super F EC signal can have a 
high error correcting capability. 

(Tenth Embodiment) 



40 [0153] Fig. 1 1 shows another embodiment of the error 
correcting code according to the present invention. ■ 
[01 54] The tenth embodiment differs from the forego- 
ing embodiments in that, afterpefforming theC2-eneod- 
mg described in the first through third embodiments, re- 
« spectlve rows are slightly moved in a forward or back- 
ward direction before code subblocks are interleaved in 
Nr stages. The following description will be centered on 
this difference. 

[01 55] After the C2-encoding is performed, for a total 
so of Nr rows of code subblocks 1 0-i f>1 , 2, .... Kr) and (Nr- 
Kr) rows for the C2 code, a second row (designated 
130-1-2 in Fig. 11) is shifted temporally backwardfy by 
jd bytes and located at the shifted position, where jd is 
an arbitrary integer value equal to or more than one. 
ss Next, a third row (designated 130-1-3 in Fig. 1 1) is shift- 
ed temporally baekwardly by (2 >: jd) bytes and located 
af the shifted position. Subsequently, similar manipula- 
tions are performed for third through Nr-th rows, with the 
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result that an Nr-m row (designated 130-1-Nr in Fig. 11) 
is located at a position shitted temporary backwardly by 
(Nr ■ jd) bytes. As a result, data in adjacent coded blocks 
before the rearrangement coexist in at ieast (Nr ■ jd) col- 
umns after the rearrangement. 
[0156] Here, in Fig. 11 , the first column in the coded 
block 1 30 is excluded from the rearrangement such that 
the framing pattern can be readily detected on the de- 
coding side. However, the first column may also be re- 
arranged as the case may be. 
[01 57] The signal rearranged in the manner described 
above is interleaved in NR stages every c bytes from a 
row to another in a manner similar to the first through 
third embodiments, to generate a super FEC signal. On 
the decoding side, a reverse arrangement is performed 
to restore the original sequence of the rows, (oliowed by 
the C2 decoding and the C1 decoding. 
[0158J The tenth embodiment can also be applied to 
the fourth and fifth embodiments when the above Nf is 
replaced with Kr. 

[0159] Of course, the tenth embodiment can also be 
applied 10 the sixth and seventh embodiments. 
[0160] The tenth embodiment can further be applied 
to the single encoding with the C 1 code when the above 
Nr is replaced with Kr. and the rearrangement simitar to 
the foregoing is performed after the C1 -encoding. 
[0161 J Also, regarding the super FEC signal rear- 
ranged in the manner described above as a client signal, 
the bit rate may be further increased to perform the 
C1-eheodlng and the C2-encoding as in the aforemen- 
tioned embodiments, or the rearrangement may be re- 
peated a plurality of times to generate a super FEC sig- 
nal, In this event, on the decoding side, the operation 
reverse to that on the encoding side, i.e., a sequence of 
reverse arrangement — > C2 decoding ~* C1 decoding -> 
bit rate reduction are repeated the same number of 
times as the encoding side. 

[0162] While in the foregoing description, the posi- 
tions of the respective rows are shifted after the C2-en- 
coding has been performed, the positions of the respec- 
tive rows may be shifted immediately after the C1 -en- 
coding isperfotmed and subsequently the C2-encodmg 
may be preformed, in this case, similar to the single en- 
coding with the C1 code, the rearrangement may be per- 
formed in a manner similar to the foregoing after the 
above Nr is replaced with Kr and the C 1 -encoding is per- 
formed. 

[0163) According to the tenth emb Ddiment, even if the 
super FEC signal suffers a large burst of errors, the er- 
rors are distributed to different C1 code areas and dif- 
ferent C2 code areas by the reverse arrangement on the 
decoding side, so that the super FEC signal can have a 
high error correcting capability. 

{Eleventh Embodiment) 

[01 64J The framing partem areaandthe overhead ar- 
ea for OAM&P of a transmission network in the super 



FEC signal, for example, the first column in Figs. 1 
through 7. may be excluded from data subjected to the 
C1 -encoding and the C2-encoding. When these areas 
are excluded, the first column may be encoded as vir- 

s tually regarded as (00) hex on the encoding side, while 
the lirs! column may be decocted as regarded virtually 
as (00) hex likewise on the decoding side. In addition, 
an external control system may be used to control 
whether or not these areas are excluded. 

10 [0165] In this event, the encoding/decoding may be 
performed by selecting whether values in the first col- 
umn are used as they are or they are virtually regarded 
as (00) hex when "excluded"/"' not excluded* is set. Fur- 
ther, in each of the CI decoding and the C2 decoding 

is ori the decoding side, settings from the external control 
system may be relied on to determine whether or not 
the first column should be excludedfrom a Ci code area 
and a C2 code area, or such a determination may be 
automatically performed. When the determination is au- 

so tomatfcally performed, an arbitrary predetermined area 
of the overhead for OAM&P in the first column is defined 
as an FSIB byte, and a predetermined code value cor- 
responding to the determination as to whether or not the 
first column is encoded is inserted into the FSIB byte on 

25 the encoding side. On the decoding side, the code value 
m the FS IB byte is detected to perform an operation cor- 
responding to the detected code value. The FSIB byte 
may be the aforementioned FSI byte. Alternatively, the 
foregoing settings and automatic operation may be per- 

30 formed independently on the framing pattern area and 
the overhead area for OAM&P of a transmission net- 
work. Further alternatively, the overhead area for 
OAM&P may be divided into a plurality of areas such 
that the foregoing settings and automatic operation are 

35 performed independently on the respective divided ar- 
eas. In addition, the foregoing settings and automatic 
operation may be performed independently on the C1 
code and the C2 code, respectively. 
[0166] According lo the eleventh embodiment, it is 

40 possible to independently set whether or not the framing 
pattern area and the overhead area lor OAM&P should 
be encoded for each of the C1 code and the C2 code, 
to make OAM &P of a transmission network more flexible 
and easier, and to automatically perform OAM&P of the 

•*s transmission network without intervention of the opera- 
tor. 

(Twelfth Embodiment) 

so [0167] SimSar to the automatic operation approach in 
the eleventh embodiment, the decoding operation may 
be automatically turned ON and OFF. For Example, an 
arbitrary predetermined area of the overhead for 
OAM&P in the first column is defined as an FStC byte, 

55 and a predetermined code value corresponding to a de- 
termination as to whether or not the encoding is per- 
formed is inserted into the FSiC byte on the encoding 
side On the decoding side, the code value in the FSIC 
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byte is detected to turn the decoding operation ON „hen 
hecode value indicates that the encoding has been per- 
orrtied, and to turn the decoding operation OFF when 
the code value indicates that the encoding has not been 

Sn^S h Here ' 'r 6 FSIC byte te af0 ^ 

t.oned FSi byte or FSIB byte. Also, when a transition is 
made from "no! encoded" to "encoded.* a predeter- 
mined code value corresponding to the encoded case 
may be inserted ,mo the FSIC byte which belongs to a 
block that is temporally previous to the first encoded 
block, from which she encoding is actualfy started or the 
second encoded block. Further, on the decoding side 
an operation corresponding to a detected code value 
may be performed oniy when the same code value is 
detected m the FSIC byte temporally continuously M 

«£f J" aCSmW me ,nSemon of a coda value into the 
r-& C byte and aufomaite decoding may be independ- 
ently performed on the C1 code and the C2 code re- 
spectively, in the manner described above 
[0168] According to the twelfth embodiment, it is pos- 
sible to automatically decode the C1 code and the C2 
code independently of each other, to make OAM&P of 
a transmission network more flexible and easier and to 
automatically perform OAM&P of the transmission net- 
work without intervention of the operator 
[0169] In an of the foregoing embodiments, the client 
signal may be any of the following signals. Additionally, 
otherthan the following signals, the client signal may be 
an arbitrary binary digital signal which has a temporally 
constant bit rate, or an optical signal converted from 
such a binary digital signal. 

' XM 00 " 1 ' °°" 3 ' 0CM2 0C " 48 ' OC -'92 «* 
UO-768 signals conforming to the SONET stand- 
ard. 

. Any of STM-1 , STM-4, STM-1 6, STM-64 and STM- 

256 signals conforming to the SDH standard 
. Any of 1000 Base-SX, 1000 base-LX and'lOOO 

Base-Cx signals defined in IEEE standard 802 3z 

(so-called Giga bits Ether signals). 
. A signal, the bit rate of which is increased to 125 % 

using an 861 OB code defined in IEEE standard 

802. 3Z. 

A signal generated by terminating the above-men- 
tioned Giga bits Ether signal or an BBi OB code of - 
a signal which comprises the 8B10B code and re- 
ducing the bil rale to 80 %. 

A signal generated by compressing an arbitrary da- 
ta signal using a predetermined data compression 
tool. 

5 

An output signal of a multiplexing transmitting ap- 
paratus disclosed in Japanese Patent Application 
No. 8-138011. 

A signal defined in mj-T Recommendation G 975 
A signal on the OCh (Optical Channef) layer defined * 
m ITU-T Recommendation G.872 (established in 

1999). 

For any of the signals listed above, a signal gener- 
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ated by time division multiplexing a plurality of arbi- 
trary signals; a signal having a bit rate of 4 97664 
Gbrt/s generated by time division multiplexing two 
OC-48 signals: a signal having a bit rate of 
19.90656 generated by time division multiplexing 
two STM-64 signals: and a signal having a bit rale 
of 5.0 Gba/s generated by time division multiplexing 
four 1 25 Gbit/s Giga bits Ether signals 
Any of the signals listed above, the b« rate of which 
is increased by a factor of (255/238) or (256/240) 
Any of the signals listed above, the bit rate of which 
is increased by a factor of two, and encoded with 
convolutions codes with coding ratio of a half 
A super F£C signal which: is encoded as described 
in the foregoing embodiments with any of the sig- 
rials listed above used as a client signal. 
- A signal generated by time division multipfexinq a 
plurality of super FEC signals. 

P>1 701 As an example, with an OC-48 signal having a 
bit rate of 2.48832 Gbit/s or an STM-1 6 signal used as 
a client signal, when the number of stages Kr m the par- 
allel expansion is chosen to be four, and all bits in each 
byte are paraflelly expanded, a total of 32 bits of parallel 
expansion is provided, and the bit rate par bit is 77 76 
MbtVs (Mega Bits Per Second), fn another way, when 
Kr is chosen to be eight, the bit rateperbit is 38,88 Mbit/ 

?e 44 Mb Js Kr fe ° h0Sen '° be 1 6 ' the bit rate per bit is 

10171] SimBarfy, with an OC-192 signal having a bit 
rate of 9.95328 Gbit/s or an STM-64 signal used as a 
client signal, when the number of stages Kr in the par- 
allel expansion is chosen to be 16, and all bits in each 
bytes are paralleUy expanded, a total of 128 bits of par- 
altel expansion is provided, and the bit rate per bit is 
77.76 Mbit/s. In another way. when Kr is chosen to be 
32, the bit rate per bit is 38.88 Mbit/s; and when Kr is 
chosen to be 64, the bit rate per bil is 19 44 Mbi!/s 
[01 72] Also, with the number of stages Kr in the par- 
allel expansion fixed to 15, i.e., for a tola! of 128 bits 
the bit rate per bit may be varied in accordance with the 
brt rate of a client signal, such that the bit rate par bit of 
a parallel signal is set to 7776 Mbit/s when the client 
signal is an OC-192 signal or an STM-64 signal; the bit 
rate per bit is set to 1 9.44 Mbit/s when me client signal 
is an OC-48 signal or an STM-16 signal: and the bit rale 
per b.l is set to 4,86 Mbit/s when the diem signal is an 
oc-12 signal or an STM-4 signal. 
10173] Further, when the aforementioned Giga bits 
Ether signal or BBI 08 encoded signal is used as a client 
signal, the bit rate may be maintained unchanged while 
the BB10B code is terminated, The termination of the 
8B10B code, used herein, means restoration of data be- 
fore ,t M 8B1 0B encoded. In this way. the amount of data 
is reduced to 80 %, so that the remaining 20 % of ca- 
pacity. I.e., 25 % of capacity for the amount af data after 
the termination of the 881 0B code, is provided as an 
empty area which can be freely used. For example, with 
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1,25 Gbit/s Giga bits Ether signal, a capacity of 0.25 
Gbit/s is provided as an empty area which can be freely 
used. For terminating the 8B10B code, an idle pattern 
previous to the end of the 8B108 code may be removed 
and a proper delimiter pattern may be inserted instead 
so as to clearly find the boundary between adjacent 
packets. Aitematively, the idte pattern previous to the 
end of the 8B10B code may be converted into a proper 
pattern for identification such that the capacity is re- 
duced to Y % (Y<100) after the termination of the 8B10B 
code. Further alternatively, each 8-bit data may be con- 
verted into 9-bit data by a predetermined method after 
the termination of the BB1 08 code to reduce the bit rate 
to 90 %. For example, a bit having the value "0" may be 
added to the head of each 8-bit data in packets to in- 
crease the number of bits to a total of nine bits, while an 
arbitrary 9-bit section rtavingt he first bit having the value 
"1" and the subsequent eight bits arranged in a prede- 
termined pattern may be used as a delimiter pattern 
which may be placed between packets. 
[01 74} In any case, when a capacity of 6 % or more 
is provided as an empty area, which can be freely used, 
with respect to the entire data capacity after the termi- 
nation of the 8B10B code, this area may be used as a 
check bit area for the CI code, and as a check bit area 
for the C2 code to perform the C1 -encoding in the afore- 
mentioned embodiments, and further the C2-encoding 
as well. Then, the 8B1Q8 code may be restored upon 
reproducing the client signal on the decoding side. In 
this way. the super FEC signal can be encoded without 
increasing the bit rate. 

[017S] Likewise, it is also possible to encode the su- 
per FEC signal without increasing the bit rate when an 
arbitrary data signal is compressed to reduce the 
amount of data using a predetermined data compres- 
sion tool, while a capacity of 6 % or more with respect 
to the capacity of compressed data is provided as an 
empty area, which can be freely used, (or a signal, the 
bit rate of which is maintained unchanged. 
[01 76) Further, it is also possible to perform the en- 
coding/decoding on each of wavelength division multi- 
plexed signals a! respective wavelengths in a single op- 
tical fiber core line as a client signal, or to perform the 
encoding/decoding on a signal generated by time divi- 
sion multiplexing the signals at respective wavelengths 
as a client signal. It is further possible to assign a plu- 
rality of super FEC signals to different wavelengths to 
transmit the plurality of super FEC signals through a sin- 
gle Optical fiber core line in a wavelength division multi- 
plexing scheme. 

[0177} While any of the foregoing embodiments em- 
ploys a pseudo product code or concatenated code us- 
ing the C1 code as an outer code and the C2 code as 
an inner code, the encoding may be performed only with 
a single code. For example, a client signal is converted 
into the frame structure shown in Fig. 1. in a manner 
similar to the foregoing embodiments, and then is sub- 
jected to the C1 -encoding. The C1 -encoded data is in- 



terleaved in Krsiages every t bytes as it is to generate 
a super FEC signal. On the decoding side, the operation 
reverse to the above is performed io restore the client 
signal. 

s [0178] As an example in this case, 5 related to the par- 
aflellization of a client signal having a bit rate (Q Gbit/s 
is set to one: Kr to 16 to parallelize afl bits in each byte 
to a total of 128 parallel signals; Kc to 23B: Nc to 255: 
C1 to an etght-error-correcting Reed- Solomon code 

io (255. 239): and the encoding processing speed tor each 
of the total of the 1 28 parallel signals to fts' 1 28) v 1 000} 
Mbit/s before increasing the bit rate s and to 28} • 
(25S238).- 1000} Mbit/s after increasing the bit rate. 
The processing speed for the decoding is set in a similar 

»s manner. For example, when the ciient signal is an OC- 
192 signal having a bit rate of 9.9S328 Gbit/s or ah STM- 
64 signal, the processing speed for each parallel signal 
is set to 77,76 Mbit/s before increasing the bit rate, and 
to approximately 83.4 Mbil/s after increasing the bit rale. 

20 Also, for example, for a client signal having a bit rate of 
12.5 Gbit/s, the processing speed for each parallel sig- 
nal is set to 97.65625 Mbit/s before increasing the bit 
rate, and to approximately 104.7 Mbit/s after increasing 
the bit rate. Further, for example, (or a client signal hav- 

25 ing a bit rate of 19.90656 Gbit/s, the processing speed 
for each parallel signal is set to 155.52 Mbit/s before 
increasing the bit rate, and io approximately 1 66.7 Mbit/ 
s after increasing the bit rate. Further, for a client signal 
having a bit rate of 39.81312 Gbit/s, the processing 

30 speed for each parallel signal is set to 311 .04 Mbit/s be- 
fore increasing the bit rate, and to approximately 333.3 
Mbit/s after increasing the bit rate. In any case, since 
each of 16 parallel signal sets, each comprised of eight 
parallel signals, is independently encoded and decod- 
es ed. so that apparatus involved in t he encoding/decoding 
have a constant scale suitable for 16 sets, irrespective 
of the bit rate of any client signal. By thus employing a 
consistent parallellization scheme at all times irrespec- 
tive of the bit rate ol a particular client signal, it is pos- 

*o stole to limit an increase in the scale of apparatus in- 
volved in the encoding/ decoding since the number of 
parallelized signals is consistent even if the bit rate of 
the client signal is increased. 

[0179} Furthermore, when a client signal is an OC- 
*s 192 signal, an STM-64 signal, or a signal having a bit 
rate of 12.5 Gbit/s, the client signal is parallelized In a 
manner similar to the foregoing, whereas (or a signal 
having a bit rate equal to an integer multiple of the bit 
rate of these signals, the number of paraileitized signals 
so may be increased by a factor of the integer multiple ( to) . 
For example, for a signal having a bit rate of 9.95328 
Gbit/s, Kr is set to 16, and atf bits in each byte are par- 
aileitized to generate a total of 126 paraileitized bits in 
the manner described above, whereas for a signal hav- 
ss ing a bit rate of (w --9.95328) Gbit/s. Kr is set to («a>'1 6), 
and all bits in each byte are parallelized to generate a 
total of 0>-"l28) parallelized bits, in this way. the 
processing speed tor each parallel signai is fixed to 
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77.76 Mbit/s before increasing the bis rate, and to ap- 
proximately 83.4 MM/s after increasing the bft rate 
thereby making it possible to conform to the operating 
speed of !_Sfs fabricated by a silicon process and to limit 
an increase in the scale of apparatus involved in the en- 
coding/decoding, 

(Thirteenth Embodiment) 

[01 80J Fig 12 illustrates a super FEC signal transmit- 
ter according to a thirteenth embodiment or the present 
invention. Here, Fig. 1 2 is a biock diagram of the super 
FEC ssgnai transmitter 2. 

[01 81] The super FEC signal transmitter 2 receives a 
client signal 200, and outputs it as a super FEC signal 
250. A clock extraction unit 210 restores from the re- 
ceived client signal 200 a clock signal 21 OC at the same 
bit rate as that of the client signal 200. A clock divider 
unil 211 divides the clock signal 210C from the clock 
extracts unit 21 0 to a processing rate at a first stage SO 
m the super FEC signal transmitter 2, for exampie at a 
frequency 1/Kr times or 1/(B ,Kr) times as high as the 
original clock signal, and outputs the divided clock signal 
as a clock signal 21 1C. Alternatively, the supor FEC sig- 
nal transmitter 2 may receivo a dock S .gnaf at a prede- 
termined frequency from the outside as required and 
synchronize this clock signal to the clock signal extract- 
ed in the clock extraction unit 21 0. using a PLL (Phase 
Locked Lop) circuit or the like. The resulting s , 0 n a | may 
be used as the clock signal 211 C. 
[0182] A serial/parallel conversion unit212 paralleltiz- 
es the received client signal 200 in Kr stages every 8 
bytes such mat the period and phase of one bft thereof 
are equal lo those of the dock signal 21 i C. and outputs 
the paralleliized client signal. 

[01 83] A first clock rate conversion unit 2 1 3 increases 
the frequency of the clock signal 21 1C from the clock 
divider unit 211 by a factor of (Nc/Kc), and outputs the 
resulting clock signal as a first clock signal 213C 
[0184] A first frame conversion unit 214 increases the 
bit rate of each of parallel data signals from the serial 
parallel conversion unit 212 by a factor of <Nc/Kc) usinq 
the timing of the first clock signal 21 3C from the first 
clock rate conversion unit 213, places the original par- 
allel data signals in the area 1 00 within the frame format ■ 
as shown in Figs. 1 , 3, 5, and outputs the signals 
[0185] An overhead processor unit 215 generates 
overhead information forOAM&F of a transm.ss.on net- 
work, framingpattem and so on . which are to be inserted 
into a super FEC signal for transmission, and outputs a 
porhon or the entirety of a variety of the information 
215a, 215b, 215c to a first overhead insertion unit 216 
a second overhead insertion unit 218 and a third over- 
head insertion unit 222, respectively, for processing 
therein. ' 3 

[0186] The first overhead .insertion unit 216 inserts a 
variety of information 21 5a from the overhead processor 
unit 215 into predetermined positions within a data sig- 
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nalfrom the firs! frame conversion unit 214. for example 
predetermined positions in the area 1 1 0C shown in Figs 
1 . 3. 5. and outputs the data signal having the informa- 
tion 215a rnseried (herein. 

[0187] A first encode processor unit 21 7 performs the 
Cl-eneodmg described in the aforementioned embodi- 
ments on the output data signal from the first overhead 
insertion unit 216. The C1-encod«ng is performed inde- 
pendently and simultaneously on each of Kr code sub- 
blocks 10-i (i=i , 2, .., Kr). The processor unit 217 may 
be compnsed of Kr C1 -encode modules 21 7-MDJ-i (i= 1 , 
2, Kr) which handle Kr code subblocks 10-i respec- 
tively. 

[01 88] The second overhead insertion unit 21 8 inserts 
a variety of information 21 5b from the overhead proces- 
sor unit 21 5 into predetermined positrons previously de- 
fined m the data signal from the first encode processor 
unit 21 7, for exampie. predetermined positions in the ar- 
ea 110C shown in Figs. 1, 3, 5, and outputs the dala 
signal having the information 215b inserted therein. 
[0189] A second clock rate conversion unit 219 in- 
creases the frequency of the first clock signal 21 3C from 
the first clock rate conversion unit 21 3 by a factor of (Mr/ 
Kr) or [1+(Vm)}, and outputs the resulting clock signal 
as a second clock signal 21 SC. 
[01 90] A second frame conversion unit 220 increases 
the brt rate of each of the paralleliized data signals from 
the second overhead insertion unit 218 by a factor of 
(Nr/Kr) or {1 +{£/m )) using the timing of the second dock 
signal 21 9C from the second clock rate conversion unit 
219, places the original parallel data signals in the area 
100B within the frame format as shown in Fig 7 or 8 
and outputs the signals. This is designated the 'case 1 " 
Alternatively, the second frame conversion unit 220 cre- 
ates (Nr-Kr) stages of parallel areas for the data signals 
from the second overhead insertion unit 21 8, places the 
original parallel data signals in the area 100 within the 
frame format as shown in Figs. 2, 4, 6, and outputs the 
parallel data signals in the frame format. This is desig- 
nated the 'case 2:" 

[01 91 ] A second encode processor unit 221 performs 
the C2-encodrng described in the aforementioned em- 
bodiments on the output dala signal from the second 
frame conversion unit 220. In this event, the second en- 
code processor unit 221 performs the C2-encoding on 

each of jm code subblocks 20-j «=1 , 2 jm) on a time 

series basis in such a way thai the C2-encoding or a 
code subblcck 20-2 is started after a code subblock20-1 
has been C2-encoded or while it is being C2-encoded 
Then, the second encode processor unit 221 processes 
each of the code subblocks 20-j which remain paralletiy 
expanded in Kr stages or Nr stages. For example in a 
check bit calculation, parallel inputted Kr bytes or Nr 
bytes may be subjected to a division/residue calculation 
usmg a generator polynomial, after performing a carry 
operation in accordance with the position of each byie 
or bit in the parallel arrangement. A delay time associ- 
ated wrth the encoding can be reduced by using a code 
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of a short length which has a small m as the C2 code 
[01 92J A third overhead insertion unit £22 inserts a va- 
riety of information 215c from the overhead processor 
unit 215 into predetermined positions in the data signal 
from the second encode processor unit 221 , for exam- 
pie, predetermined positions in the area H OC shown in 
Figs. 1 . 3, 5, and outputs the data signal having the in- 
formation 21 5c inserted therein. 
[0193] A clock multiplier unit 223 muftiplies the fre- 
quency of the second clock signaS 219C from the second 
clock rate conversion unit 21 9 by an integer multiple, for 
example, by Kr or (8 -Kr) when the second frame con- 
version unit 220 is in the case 1 and by Nr or (8 -:Nr) 
when in the case 2. and outputs the resulting clock sig- 
nal as a third clock signal 223C. Alternatively, a ciock 
signal at a predetermined frequency may be received 
from the outside as required, and used as the third clock 
signal 223C. 

[0194] A scrambler 224 randomizes the data signal 
and outputs the randomized data signal so as to prevent 
the same bit values from being transmitted successive- 
ly. For example, the scrambler 224 performs parallel 
processing so as to provide the same result as that pro- 
duced when a serial data signal from the next parallel/ 
serial conversion unit 225 is scrambled using a primitive 
polynomial of a predetermined order number as a gen- 
erator polynomial. Alternatively, the scrambler 224 may 
be located subsequent to the parallel/serial converter 
225 and used as a 1-bit sertal processing scrambler. 
[0195] The parallel/serial conversion unit 225 inter- 
leaves a parallel data signal in Kr stages or Nr stages 
from the scrambler 224 every s bytes such that the pe- 
riod and phase of its one bit are equal to those of the 
third clock signal 223C to serialize the sequence of the 
bits on a time series basts, and outputs the serialized 
signal as a super FEC signal 250. 
[0196] In the components described above, each 
component from the first overhead insertion unit 21 6 to 
the second overhead insertion unit 21 8 operates at the 
timing of the clock signal 213C. Each component from 
the second encode processor unit 221 to the scrambler 
224 operates at the timing of the clock signal 21 9C. 
[0197] In the foregoing configuration, the super FEC 
signal transmitter 2 may be controlled from an external 
control system 9, For example, the externa! control sys- 
tem 9 may control the overhead processor unit 215 
through a control signal 9a to generate a portion or the 
entirety of the overhead information forOAMSP and the 
framing pattern, and to insert which of the overhead in- 
formation and the framing pattern in the first overhead 
insertion unit 216, second overhead insertion unit 218 
and third overhead insertion unit 222, respectively, In 
addition, the external control system 9 may control the 
first encode processor unit 21 7 and the second encode 
processor unit 221 through control signals 9b. 9c as to 
which of methods 1-4, previously described in the sixth 
embodiment, should be performed, orwhelherornol the 
framing pattern and the overhead area for GAto&P 



should be encoded, as described in the eleventh em- 
bodiment, or whether or not the C1 -encoding and the 
C2-encoding should be performed, as described in the 
twelfth embodiment. Further, if a faulty state such as an 
s interrupted signal is detected in the client signal 200, or 
the super FEC signal transmitter 2 presents a faulty 
operation, the externa! control system 9 may be sup- 
plied with an alarm 299 notifying the fault. 
(0198] According to the thirteenth embodiment, it is 
'0 possible to readily configure a super FEC transmitter 
which realizes the encoding to an error correcting code 
that has a sufficient gain of 6 dB or more for a bit error 
ratio of 10* 1£ by performing the C2-encoding on a client 
signal after it has undergone theCl -encoding to convert 
»5 the client signal into a super FEC signal. 

(Fourteenth Embodiment) 

[0199] Fig. 13 illustrates a super FEC signal transmil- 
20 ter according to another embodiment of the present in- 
vention. 

[0200] While the super FEC signal transmitted of the 
fourteenth embodiment is similar in configuration and 
operation to the thirteenth embodiment illustrated in Fig . 
2s 12, the former differs from the latter in that a firs! frame 
conversion unit 214 is located adjacent to a second 
frame conversion unit 220; a first clock rate conversion 
unit 21 3 is located adjacent to a second clock rate con- 
version unit 21 9; and a selector 227 and a selector 228 
30 are added The super FEC signal transmitter 2 of the 
fourteenth embodiment also differs in that it receives a 
parallel data signal 204 having a data format equivalent 
to a data format of the output signal of the second frame 
conversion unri 220: a clock signal 205 synchronized 
as with the parallel data signal 204 and having the same 
frequency as the second clock signal 21 9C: and a phase 
pulse signal 206 indicative of the phase of the parallel 
data signal 204 from the outside. 
[0201] The first clock rate conversion unil 213, first 
*o frame conversion unit 214 and second dock rate con- 
version unit 219 are similar in operation to their Coun- 
terparts in the thirteenth embodiment. 
[0202] The second frame conversion unit 220 per- 
forms similar processing to that in the thirteenth embod- 
« iment on a parallel data signal from the first frame con- 
version unit 214. Further, in the case 1 , the first frame 
conversion unil 214 can be removed, in which case the 
bit rate of each parallel data signal from a serial/ parallel 
conversion unit 212 may be increased directly by a fac- 
50 tor of {{Nr/Kr) -.(Nc/Kc)) or [{1+g/m)} v (Nc/Kc)}] using 
the timing of a second ciock signal 219C from the sec- 
ond ciock rate conversion unit 21 9. and f ho original par- 
allel data signal may be placed in the area 100S within 
the frame format as shown in Fig, 7 or 8. and ©utpufted. 
55 [0203] The selector 227 receives the parallel data sig- 
nal from the second frame conversion unit 220 and the 
parallel data signal 204 received from the outside, se- 
lects either of these signals, and outputs the selected 
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signs!. 

[0204] The selector 228 receives the second clock 
signal 21 9C from the second clock rate conversion unit 
219, and the clock signal 205 received from the outside, 
selects either of these clocks, and outputs the selected 
clock signal as a clock signal 228C. 
[0205] It should be noted that the selector 227 and the 
selector 228 select signals in the same system. Specif- 
ically, when the selector 227 selects the parallel data 
signal from the second frame conversion unit 220. the 
selector 228 selects the second clock signai21 9C. Con- 
versely, when the selector 227 selects the parallel data 
signal 204, the selector 228 selects the clock signal 205. 
In addition, the external control system 9 may control 
through a control signal 9f the selections made by the 
selectors 227, 228, 

[0206] When the selector 227 selects the parallel data 
signal 204, the frame position of the parallel data signal 
204 is recognized based on the phase pulse signal 206 
received from the outside in each process subsequent 
to a first overhead insertion unit 21 6. 
[0207] As to the operation in the remaining compo- 
nents, the fourteenth embodiment is similar to the thir- 
teenth embodiment except that the first overhead inser- 
tion unit 216 processes a data signal Irom the selector 
227, and a second encode processor unit 221 process- 
es a data signal from a second overhead insertion unit 
218. 

[0208] According to the fourteenth embodiment, it is 
possible to readily configure a super PEC transmitter 
which realizes the encoding to an error correcting code 
which has a sufficient gain for a bit error ratio of 10~« 
by performing the Cl-encoding and C2-encodihg on a 
client signal after Its bit rate is increased to a predeter- 
mined bit rate to convert the client signal into a super 
FEC signal. 

[0209] When the encoding is performed once with the 
C 1 code, the second clock rate conversion unit 21 9 , sec- 
ond frame conversion unit 220, second encode proces- 
sor unit 221 and third overhead insertion unit 222 may 
be removed in the configuration of Fig. 12 or 13 such 
that the previous and subsequent components are di- 
rectly connected. 

[0210] Alternatively, either one, ortwo, orthree of the 
first overhead insertion unit 216. second overhead in- 
sertion unit 218 and third overhead insertion unit 222 
may be removed in the configuration of Fig. 12 or 13 lo 
make a direct connection. When the three units are ail 
removed, a predetermined framing pattern is inserted in 
either the first encode processor unit 217 or the second 
encode processor unit 221. 



(Fifteenth Embodiment) 

[021 1] Fig. 14 illustrates a super FEC signal receiver 
according to a fifteenth embodiment of the present in- 
vention. Here, Fig. 14 is a block diagram of the super 
FEC signal receiver. 



[0212] The super FEC signal receiver 3 receives a su- 
per FEC signal 350, and outputs it as a client signal 300. 
A clock extraction unit 330 restores from the super FEC 
signal 350 a clock signal 330C having the same bit rate 
s as the super FEC signal 350, and outputs the clock sig- 
nal 330C. 

[0213] A. clock divider unit 331 divides the frequency 
of the clock signal 330C extracted in the clock extraction 
unit 330, for example, to be 1/Pror 1/(8 xpr) of the orig- 
« inal clock signal to generate a processing rate at the first 
stage in the super FEC signal receiver 3, and outputs 
the resulting dock signal as a dock signal 331 C. Alter- 
natively, the super FEC signal receiver 3 may receive a 
clock signal at a predetermined frequency from the out- 
's side as required, and synchronize this dock signal 1o 
the clock signal extracted in the dock extraction unit 
330, using a PLL circuit or the like. The resulting signal 
may be outputted as the dock signal 331C. 
[0214] Here, in the super FEC signal transmitter 2 il- 
20 lustrated in Fig. 1 2, which is the source of the super FEC 
signal 350, when the second frame conversion unit 220 
converts the frame in accordance with the approach of 
case 1 , Pr=Kr stands, and when in accordance with the 
approach of case 2, Pr=Nr stands. The former case is 
2S designated the "source case 1 " and the latter case, the 
"source case 2." 

[0215] A first dock conversion unit 332 reduces the 
frequency of the clocksignal331C from the clock divider 
unit 331 by a factor of (Pr/Nr) or {m/(m+£)}, and outputs 
» the resulting clock signal as a first clock signal 332C. A 
second clock rate conversion unit 333 reduces the fre- 
quency Of the first clock signal 332C f rom.the first dock 
rate conversion unit 332 by a factor of (Kr/Nc), and out- 
puts the resulting dock signal as a second clock signal 
35 333C, A dock multiplier 334 multiplies the frequency of 
the second clock signal 333C from the second dock rate 
conversion unit 333 by an integer, for example, by Kr or 
(8xKr), and outputs the resulting clock signal as a third 
clock signal 334C. Alternatively, a clock signal at a pre- 
determined frequency may be received from the outside 
as required and used as the third dock signal 334C. 
[021 6] A seriatfparaiie! conversion unit 311 paralleliz- 
es the received super FEC signal 350 in Pr stages every 
e bytes such that the period and phase of one bit thereof 
" s are equal to those of the clock signal 331 C, and outputs 
the paralleled super FEC signal, A frame synchroni- 
zation unit 312 delects a predetermined framing pattern 
from the parallel data signal from the serial/parallel con- 
version unit 311 , and rearranges the signal in a proper 
*» sequence to output a signal in the frame format shown 
in Figs, 2,4, 6, 7. 
[0217] A descramblcr 313 performs the reverse oper- 
ation to that performed in the scrambler 224 in the super 
FEC signal transmitter 2 illustrated in Fig, 12, which is 
& the source of the super FEC signal 350, on the parallel 
data signal from the frame synchronization unit 312, to 
restore the data before it was scrambled 
[0218] A first overhead extraction unit 31 4 extracts in- 
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formation at predetermined positions previously defined 
in the data signal from the descrambler 31 3, for exam- 
pie, at predetermined positions in the area 1 1 0C shown 
in Figs. 2. 4. 6. 7. and then outputs the data signal as it 
is to a first decod e processor unit 31 5 as well as outputs 
the extracted information 340a to an overhead proces- 
sor unit 340. 

[0219] The first decode processor unit 315 performs 
the C2 decoding described in the aforementioned em- 
bodiments on the output data signal from the first oven- 
head extraction unit. 31 4. and outputs the decoded data 
signal to a second overhead extraction unit 316 as well 
as outputs a C2 decoding result 341a {the number of 
corrected bits, an estimated number of uncorrectable 
bits M uncorrectable errors were found, and the number 
of error corrected bits when errors were corrected) to a 
F£C performance monitor unit 341 . Here, the C2 decod- 
ing is perf ormed on each o! jm code sunblocks 20-j (j= 1 , 
2, ,,,, rnj). in a manner similar to (he C2*encoding, such 
that the C2 decoding of a code subblock 20-2 is started 
after a code subbloek 20-1 has been C2-decoded or 
white it is being C2-decoded. Then, each of the code 
subbloeks 20-j is processed as they remain paralletly ex- 
panded in Kr stages or Nrstages, For example, in asyn- 
drome calculation, paralletly inputted Kr bytes or Nr 
bytes may be subjected to the syndrome calculation, af- 
ter performing a carry operation in accordance with the 
position of each byte or bit in the parallel sequence. For 
calculations intended to find an error locator polynomial 
(hereinafter abbreviated as *ELP") indicative of an error 
position anrj each polynomial coefficient of an error eval- 
uator polynomial (hereinafter abbreviated as *EVP") in- 
directly indicative of an error value from the result of the 
syndrome calculation, a method using Euclidean mutual 
division is Widely known. This method does depend on 
the parallel state of Kr bytes or Nr bytes. The error po- 
sition calculation is performed by substituting an ele- 
ment of Galois field corresponding to a symbol position 
for an RS code and to a bit position for a BCH code into 
an ELP polynomial to determine whether or not an error 
exists at the symbol position or the bit position by exam- 
ining whether or not the substitution results in "zero." 
Likewise, for the error value calculation, an element of 
Galois field corresponding to a symbol position or a bit 
position is substituted into an EVP polynomial or an ELP 
differential polynomial, and if an error is found at the 
symbol position or the bit position, the error value is cal- 
culated. 

[022OJ These error position and error value are calcu- 
lated independently corresponding to a parallel position 
of each byte or bit in the Kr byte or Nr byte. In this event, 
the calculation may be made with a carry operation per- 
formed in accordance with each parallel position. 
[0221 ] M is also possible to perform sequential decod- 
ing which involves correcting an error at a bit of interest 
and outpufting the corrected bil while calculating the 
foregoing error position and error value for the bit, or to 
calculate error positions and error vaiues for all bit po- 



sitions and then correct errors ai positions al which the 
errors are found and output the resulting error-free bits. 
Since tfie latter case can detect the irrationality o? the 
ELP polynomial and EVP polynomial which is found 

s when errors occur beyond the error correcting capabil- 
ity, erroneous corrections cars be prevented. 
[0222] It should be noted thai the calculations of pol- 
ynomial coefficients and error values for ELP and EVP 
require a division of Galois field, i.e., multiplication by 

io art inverse element. As approaches for deriving an in- 
verse element qf Galois field, there are an approach for 
searching for an element which derives "1" as a result 
of a multiplication with an element of predetermined Ga- 
lois (ield (called the "search approach"); an approach for 

is deriving an inverse element by creating an original ad- 
joint matrix of predetermined Galois field and calculating 
a reverse matrix or an upper triangle matrix or a lower 
triangle matrix (called the "matrix approach"); an ap- 
proach Tor deriving an inverse element by previously 

so storing inverse elements corresponding to all elements 
of Galois field and reading information corresponding to 
a predetermined element of Galois field from the mem- 
ory (called the "memory approach*); and an approach 
for previously inputting all elements of Galois field in a 

as selector and configuring the selector such that the se- 
lector selects and outputs an inverse element corre- 
sponding to a predetermined element of Galois field 
(called the "selector approach'). Any of these approach- 
es may be used for deriving an inverse element; 

30 [0223] Further, the calculation within the processor 
unit 31 5 may be performed at a higher speed, i.e. . using 
a local clock which may be generated by multiplying the 
first clock signa! 331C by a proper value. 
[0224 J Further, error positions and error values corre- 

35 sponding !o a pattern of syndrome may be previously 
stored in a memory, such that the decoding maybe per- 
formed directly by reading information in the memory 
corresponding to the result of a calculation of the syn- 
drome. 

■to [0225] When a code having a low correcting capability 
is used as the C2 code, polynomial coefficients of ELP 
and EVP may be previously found as an equation which 
includes the syndrome as a variable, so thai the calcu- 
lation can be simplified. 

■w [0226] When the C2 code Is a BCH code, the polyno- 
mial coefficient calculation and error value calculation 
for EVP are not required- Further, a delay lime associ- 
ated with the decoding can be reduced by using a code 
which has a short code length with a small m as the C2 

so code. 

[0227] A second overhead extraction unit 316 ex- 
tracts information at predetermined positions previously 
defined in a data signal from the first decode processor 
unit 315, for example, at predetermined positions in the 
55 area 110C shown in Figs. 2, 4, 6. 7. and then outputs 
the data signal as it is to a first frame conversion unit 
317 as w.eH as outputs the extracted information 340b 
to the overhead processor unit 340. 
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[0228] In the transmission source case 1, the first, 
frame conversion unit 31 7 increases the bit rate of each 
paraWeliszed data signal from the second overhead ex- 
traction unit 31 6 fay a factor of {Kr/Nrt or {m/(m*$}} using 
the timing of the first dock signal 332C from the first 
clock rate conversion unit 332, and places the original 
parallel data signal in the area 100 within the frame for- 
mat as shown in Figs. 1 , 3. 5. and outputs the signal- in 
the transmission source case 2, in turn, the first frame 
conversion unit 317 deletes or terminates parallel sig- 
nals corresponding to (Nr-Kr) stages, which form a 
check bit area for the C2 code of the data signal from 
the second overhead extraction unit 316. so as to pre- 
vent the parallei signal from propagating to respective 
processes subsequent thereto, and places the original 
parallel data signal in the area 1 00 within me frame for- 
mat as shown in Figs, i, 3, 5, and outputs the signal. 
[0229] A second decode processor unit 31 8 performs 
ihe C1 decoding described in the aforementioned em- 
bodiments on the output data signal from the first frame 
conversion unit 317, and outputs the decoded signal to 
a third overhead extraction unit 319 as well as outputs 
a C1 decoding result 341 b (the number of corrected bits, 
an estimated number of uncorrectable bits if uncorrect' 
able errors were found, and the number of error correct- 
ed bits when errors were corrected) to the FEC perform- 
ance monitor unit 341. Here, the C1 decoding is per- 
formed, in a manner similar to the CI -encoding, inde- 
pendently and simultaneously on each of Kr code sub- 
blocks 1 Q-i t>1 ,2 Kr). The processor unit 318 may 

be comprised of Kr C1 decode modules 31B-MDJ-i <I=1 
2 Kr ) w nich handle Krcode subbiocks 10-i, respec- 
tively.. Each of the C1 decode modules 318*MOU-i cal- 
culates a syndrome from input data, polynomial eoefli- 
Giants of £LP and EVP from the syndrome, and error 
positions and error values from the polynomial coeffi- 
cients of ELP and EVP. 

[0230] Here, the calculations of the polynomial coef- 
ficients of ELP and EVP from the syndrome may be 
shared by the respective CI decode modules 31 8-MDJ- 
i. In this case, for example, the calculations may be per- 
formed for the respective code subbiocks 10-i in se- 
quence such that after the polynomial coefficients of 
ELP and EVP have been calculated fora code subblock 
1 0-1 , the polynomial coefficients of ELP and EVP are 
calculated for a code subblock 10-2. Alternatively, the 
shared code subbiocks may be divided by two into 10-1 
- 10-is (is<Kr) and 10-(is+1) - 10-Kr. or divided by four. 
Similar to the first decode processor unit 315, the cal- 
culations of polynomial coefficients and error values for 
ELP and EVP require a division of Galois field. I.e., mul- 
tiplication by an inverse element, wherein the inverse 
element can be derived using any of the aforementioned 
search approach, matrix approach, memory approach 
and selector approach. Of course, the calculation within 
the processor unit 31 8 may be performed at a higher 
speed, i e. , using a local dock which may be generated 
by multiplying the second clock signal 332C by a proper 



vafue. Further, error positions and error values corre- 
sponding to a pattern of syndrome may be previously 
stored in a memory, such that the decoding may be per- 
formed directiy by reading information in she memory 
s corresponding tti the result of the calculation of the syn- 
drome. When the C1 code is a BCH code, the poiyno- 
mial coefficient calculation and error value calculation 
for EVP are not required. 

10231] Thethird overhead extraction unit 319 extracts 
*o information at predetermined positions previously de- 
fined in the data signal from the second decode proces- 
sor unit 318, for example, at predetermined positions in 
the area HOC shown in Figs. 1 , 3, 5, and then outputs 
the data signal as it is to a second frame conversion unit 
1S 320 as well as outputs the extracted information 340c 
to the overhead processor unit 340. 
£0232] The second frame conversion unit 320 In- 
creases the bit rate of each parallelized data signal from 
the third overhead extraction unit 31 9 by a factor of (Kc/ 
20 Nc) using the timing of the second clock signal 333C 
from the second clock rate conversion unit 333, and re- 
stores parallei data equivalent to that inputted to the first 
frame conversion unit 21 4 in the super FEC signal trahs- 
mittor 2 illustrated in Fig. 12, which is the source of the 
» super FEC signal 350. 

[0233] A parallel/serial conversion unit 321 inter- 
leaves a parallel data signal in Kr stages from the sec- 
ond frame conversion unit 320 every 5 bytes such that 
the period and phase of its one bit are equal to those of 
so the third clock signal 334C to serialize the sequence of 
the bits, and outputs the serialized signal as a client sig- 
nal 300. 

[0234] in the manner described above, the outputted 
client signal 300 restores the client signal 200 received 
as at the super FEC signal transmitter 2 illustrated in Fig. 
12 which is the source of the super FEC signal 350. 
[0235 J The overhead processor unit 340 edits the 
overhead information 340a, 340b, 340c forOAMSP of 
a transmission network received from the first overhead 
40 extraction unit314,second overhead extraction unit3l6 
and third overhead extraction unit 31 9, respectively, de- 
termines from the information whether or not the super 
FEC signal 350 is normal, monitors the performance 
quality such as a bit error ratio and the number of bit 
•« errors of the super FEC signal 3S0 to determine whether 
ornotthesuperFECsignal350is degraded , or monitors 
an operating stale and a maintenance state oS a trans- 
mission network to notify the external control system 9 
of PM information 397, 
$0 [0236] The FEC performance monitor unit 341 total- 
izes the respective decoding results from ihe C1 decod- 
ing result 341b and the C2 decoding result 341a re- 
ceived from the first decode processor unit 31 5 and the 
second decode processor unit 318, respectively, and 
55 notifies the external control system 9 of the respective 
decoding results and the total result as an FEC-PM re- 
sult 39B 

[0237] Among the foregoing components, each com- 



22 



43 



EP1 162 775 A2 



44 



ponent from fhe frame synchronisation unit 312 to the 
second overhead extraction unit 31 S operates at the tim- 
ing ot the clock signal 331 C. The second decode proc- 
essor unit 31 8 and the third overhead extraction unit 3 1 9 
operate at the timing ot the clock signal 332C. 
[0238} In the foregoing configuration, the super FEC 
signal receiver 3 may be controlled from the external 
control system 9. For example, the external control sys- 
tem 9 may control the first decode processor unit 315 
and the second decode processor unit 318 to perform 
which of the methods 1 B - 4B described in the sixth em- 
bodiment; to determine whether or not the framing pat- 
tern area and the overhead area for OAM&P should be 
decoded, as described in the eleventh embodiment; and 
to determine whether or not the C1 decoding and C2 
decoding are performed, as described in the twelfth em- 
bodiment, through control signals 3d. 9e. Further, if a 
faulty state such as an interrupted signal is detected in 
the super FEC signal 350. oi it the super FEC signal 
receiver 3 presents a faulty operation, the external con- 
trot system 9 may be supplied with an alarm 399 notify- 
ing the fault. 

[0239] According to the fourteenth embodiment, it is 
possible to readily configures superFEC receiver which 
generates a sufficient gain o! 6 dB or more for a bit error 
ratio of 10' 12 by performing C1 -decoding on a super 
FEC signal after it has undergone C2-decoding to con- 
vert the Super FEC signal into a client signal. 

(Sixteenth Embodiment) 

[0240] Fig, 15 illustrates a super FEC signal receiver 
according tb another embodiment of the present inven- 
tion. 

[0241] The super FEC signal receiver 3 of the six- 
teenth embodiment is similar in configuration and oper- 
ation to the fifteenth embodiment illustrated in Fig. 14, 
except that a first frame conversion unit 31 7 is located 
adjacent to a second frame conversion unit 320: a first 
clock rate conversion unit 332 is located adjacent to a 
second clock rate conversion unit 333. Further, the su- 
per FEC signal receiver 3 of the sixteenth embodiment 
differs in that one of parallel data Signals 304 branched 
from a third overhead extraction unil 31 9, a clock signal 
synchronized to the parallel data signal 304, i.e., one of 
clock signals 305 from the clock divider unit 331, and a 
phase pulse signal 306 indicative of the phase o( the 
parallel data signal 304 are outputted to the outside of 
the super FEC signal receiver 3. 
[0242] The first clock rate conversion unit 332, first 
frame conversion unit 317. and second clock rate con- 
version unit 333 are similar in operation to their coun- 
terparts in the fifteenth embodiment. 
[0243] The second frame conversion unit 320 per- 
forms similar processing to its counterpart in the fif- 
teenth embodiment on each parallel data signal from the 
first frame conversion unit 31 7. Further, in the transmis- 
sion source case 1 . the first frame conversion unit 317 



can be removed, in which case, the bit rate of each of 
parallel data signals from the third overhead extraction 
unit 319 is directly increased by a factor of {(Kr/Nr) • {Kcl 
Hc)i or {(m/(m+4)} ■ (Kc/Nc)} using the liming of a sec- 
5 ond clock signal 333C from the second clock rate con- 
version unit 333 to restore parallel data equivalent to 
that inputted to the first frame conversion unit 21 4 in the 
super FEC signal transmitter 2 illustrated in Fig, 12. 
which is the source of a super FEC signal 350. 
»*> [0244] As to the operation in the remaining compo- 
nents, the sixteenth embodiment is simitar to the fif- 
teenth embodiment only except that the second decode 
processor unit 3 1 8 processes a data signal from the sec- 
ond overhead extraction unit 316. 
is [0245] According to the sixteenth embodiment, it is 
possible to readily configure a super FEC receiver which 
generates a sufficient gain by reducing the bit rate ot a 
super FEC signal to a predetermined bit rate after the 
super FEC signal has been C2-decoded and C1 -decod- 
es ed to convert the super FEC signal into a client signal. 
[0246] When the decoding is performed once with the 
C1 code, the first clock rate conversion unit 332, first 
frame conversion unit 317, first decode processor unit 
315 and first overhead extraction unit 314 may be re- 
2S moved in the configuration o! Fig. 1 4 or 1 5 such that the 
previous and subsequent components are directly con- 
nected. 

[0247] Alternatively, each of the first overhead extrac- 
tion unit 314, second overhead extraction unit 316 and 

30 third overhead extraction unit31 9 may be removed, cor- 
responding to the first overhead insertion unit 216, sec- 
ond overhead Insertion unit 21 6 and third overhead in- 
sertion untt 222 in the super FEC signaf transmitter 2 in 
Fig. 1 2. which is the source of the super FEC signal 350, 

35 to simply make a direct connection. 

[0248] Further alternatively, in Figs. 12 through 15, 
properly paraliellized client signals 201, 301 may be 
used instead of the client signals 200, 300. 
[0249] Together with the paraliellized client signals 

■>o 201, 301, clock signals 202, 302, which are synchro- 
nized with these signals 201, 301 and have a bit rate 
equal io the bit rate of these signals 201 , 301 , may be 
received and transmitted. 

[0250] if the client signal 200 or the client signal 201 * 
includes a freely usable empty area which accounts for 
at least a capacity corresponding to {(Nr -;Nc-Kr >■ Kc)/ 
(Nr/Nc)i limes or more the total data capacity thereof, 
the first frame conversion unit214andthe second frame 
conversion unit 220 need not convert the bit rate, but 

so only have to properly relocate data positions within the 
client signal 200 or the client signal 201 , 
[02S1 ] When the data formats of the client signal 1 00 
and the paraliellized client signal 201 have previously 
been defined as shown in Figs. 1 through 7 and al! of 

55 the areas 11 OB, HOC. 120B, 120C are freely usable 
empty areas, the first frame conversion area 214 and 
the secondframe conversion area 220 are not required. 
In thiscase, by inserting . separating and matching a pre- 
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he areas 110B. 110C. 120B. 120C. it is possible to per- 
form diagnosis related io s« 9 naf transmission and receo- 
ton between the source transmitter of the client signal 
200 and the super FEC signal transmitter 2, or between 
the destination apparatus of the ciient signal 300 and 
the SU p er F £C signal receiver 3. In addition periodic 
phase pulse signals 203. 3D3 may aiso be receivedand 
transmitted for indicating predetermmed positions in the 
data .ormate of the client signals 200, 300 and the par- 
allelized client signals 201 . 301 , 
10252} Similarly, the super FEC signals 250, 350 may 
be paralleled super FEC signals 251 . 351 which have 
P f" aHe,lized - AJS °. together «rth the par . 
a«9'teed Su perFEC S i9flais251.351,<SocksignaJ6ffi2 
352 synchronized with these signals and having a bit 
rate equal to the bit rate of these signals, and periodic 
Phase pulse signals 253, 353 indicative of predeter- 
m<ned posilions in the data formats of the super FEC 

sWso.asoandtheparaflelKzedsuperFec signals 
^51 , 351 may be received and transmitted 
£0253] The first encode processor unit 21 7 and the 
second encode processor un* 221 , and the first decode 
processor unit 315 and the second decode processor 
unit 31 8 may be built in separate LS Is or FPGAs in which 
encodmg/dacoding logics are fixedly implemented or in 
separate microprocessors which operate the respective 
logs* implemented as software, respectively. 
[0254] Alternatively, the two types of units may be im- 
plemented in one and the same LSi/FPGA. or in the 
same CPU which is installed with both software pro- 
grams associated the respective units and operates the 
programs in time division. ' ' 



an optical signal 359 from an oplical fiber transmission 
path 61 on the super fine side, converts the optical signal 
359 to an electric signal having a waveform equivalent 
to that of the optical signal 359. and outputs the electric 
signal as a super FEC signal 350. 
[Q260] The super FEC signal receiver 3 con verts a re- 
ceived super FEC signal 350 » a client signal 300 which 
is outputted fo a transmission path 51 on !he client side 
and outputs a parallel data signal 304 after C1 decoding 
antf C2 decoding, a clocK signal 305 and a phase pulse 
signal 306 to a super FEC signal transmitter 2. This op- 
eration fs designated the 'operation mode A." 
[0261] A different operation from the above per- 
formed by the super FEC signal transmitter 2 in the fol- 
lowing manner, is designated the "operation mode B ■ 
[0262] Specifically, in the operation mode B. the super 
FEC sfgnal transmitter 2 converts a parallel data Signal 
204, a clock signal 205 and a phase pulse signal 206 
(connected to 304. 305, 306, respectively) received 
t°™ Super FEC SJ 9" at *ceiver 3 again to a super 
s, 9 nal 250 * ftfch » outputted to the electro-optical 
conversion unit 260. This operation is defined as the op- 
eration mode S. 

[0263] The selection of the two types of operation 
mode may be made by fixed wiring on hardware orcon- 
ro Itedby theextemaicontrotlerothfough amonitorcon- 
trol line 1 9. 



(Seventeenth Embodiment) 



[0255J Fig. 16 illustrates a transmitting apparatus ac- 
cording lo an embodiment of the present mvent.on 
which employs one of the super FEC signal transmitters 
and one of the super FEC signal receivers described ,n 
the foregoing embodiments. 

[0256] Specifically, the transmitting apparatus 1 of the 
seventeenth embodiment comprises the super FEC sio- 
nai transmitter illustrated in Fig. 13 and the super FEC 
signal receiver 3 Illustrated in Fig. 15 
[0257] The super FEC signal transmitter 2 receives a 
cteni signal 200 from a transmission path 50 on the cli- 
ent side, converts the client signal 200 into a super FEC 
s.gnal 250 which is outputted to an electro-optical con- 
version unit 260. 

[0258] The electro-optical conversion unit 260 con- 
verts the super FEC signal 250 from the super FEC sio 
nai transmitter 2 to an optical signal 259 which has a 
waveform equivalent to that of the super FEC signal 
250, a predetermined wavelength, and an optical power 
density, and outputs the optical signal 259 to an optical 
fcer transmission path 60 on the super line side 
[0259] An opto-eiectnc conversion unit 360 receives 



[0264] When the transmitting apparatus of this em- 
bod.ment ,s operated in the operation mode A convor- 
Sfons can be made bidirectional between a client aia- 
neJ and a super FEC signal. On the other hand when 
the transmitting apparatus is operated in the operation 
mode B, the super FEC signal can be regenerated 
[0265] Also, a client signal 300 from the super FEC 
signal receiver 3 may be branched such that one of 
branched signals is looped back to the super FEC siqnaf 
transmitter 2, in which case the transmitting apparatus 
is operated in the operation mode A 
so S t A " er " ative) y- super FEC signal transmitter 
2 illustrated ,n Fig. 12 maybe used instead of that illus- 
trated in Fig. 13. and the super FEC signal receiver 3 
illustrated ,n Fig. 14 may be used instead of that illus- 
trated in Fig. 15. In this configuration, the transmitting 
apparatus operates only in the operation mode A 
[0267] According to the seventeenth embodiment It 
is possible to configure the transmitting apparatus which 
« capable of converting a client signal into a super FEC 
SKjnalfortransrmssion.or regenerating and transmitting 
a super FEC signal 

51? 

(Eighteenth Embodiment) 

[0268J Rg. 1 7 illustrates a transmitting apparatus ac- 
cr^dmg to another embodiment of the present invention 
wtKh employs one of the super =EC signal transmitters 
and one of the super FEC signal receivers described in 
the aforementioned embodiments 
[0269] The transmitting apparatus 1B according io the 
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eighteenth embodiment differs from the seventeenth 
embodiment in that a first cross-connect switch 4A. a 
first multiplexing unit 5A : and a first demultiplexing unit 
6A are added to the configuration of the seventeenth 
embodiment. 

{0270] The first cross-connect switch unit 4A inde- 
pendently cross-connects&ranches a plurality of input- 
ted subctieni signals 240-i(t=l, 2, u) and a plurality 
of intermediate client signals 243-j <j=1. 2. .... v). and 
outputs as a plurality of subciierst signals 241-i f>1, 

2 u) and a plurality of intermediate client signals 

242-j(j=1,2,...,v). 

[0271 J The first multiplexing unit 5A time division mul- 
tiplexes the intermediate client signals 242-) (J=1 , 2. 
v) from the first cross-connect switch unit 4A. and out- 
puts the multiplexed signal to the super FEC signal 
transmitter 2 as a client signal 200. 
[0272] The first demultiplexing unit 6A demultiplexes 
the Client signal 300 trom the super FEC signal receiver 
3 into intermediate client signals 243-j fj=1, 2, .... v) 
which are then outputted to the first cross-connect 
switch unit 4A. 

[0273] The remaining components are similar to their 
respective counterparts in the seventeenth embodi- 
ment. Alternatively, the super FEC signal transmitter il- 
lustrated In Fig. 12 may be used instead of that illustrat- 
ed in Fig. 1 3. and the super FEC signal receiver 3 illus- 
trated in Fig. 14 may be used instead of that illustrated 
in Fig. 15. 

[0274] According to the eighteenth embodiment, it is 
possible to configure the transmitting apparatus which 
is capable of converting a plurality of subclient signals 
into a super FEC signal for transmission, or regenerat- 
ing and transmitting a super FEC signal. 

(Nineteenth Embodiment) 

[0275] Fig. 18 illustrates a transmitting apparatus ac- 
cording to another embodiment of the present invention 
which employs one of the super FEC signal transmitters 
and one of the super FEC signal receivers described in 
the aforementioned embodiments. 
[0276] The transmitting apparatus 1C according to 
the nineteenth embodiment differs from the aforemen- 
tioned transmitting apparatus 1 , 1B in that it uses a plu- 
rality of the configurations of the seventeenth embodi- 
ment or the eighteenth embodiment, and a second 
cross-connect switch unit 4B, a second multiplexing unit 
5B and a second demultiplexing unit 68 are further add- 
ed. 

[0277] Each of r client/super FEC conversion units 7-k 
(k«1. 2, .... r) is simiiar in configuration to the transmit- 
ting apparatus 1 A illustrated in Fig. 1 6 or the transmitting 
apparatus 18 illustrated in Fig, 17. These client/super 
FEC conversion units 7-k operate independently of one 
another. Specifically, the client/super FEC conversion 
units 7-k convert clien! signals 200-k into oplical signals 
255-k which carry super FEC signals, and convert opti- 



cal signals 355-k which carry super FEC signals into Cli- 
ent signals 300-k. 

(0278J The second cross-connect switch 4B inde- 
pendently cross-connects/branches r optica! signals 

s 255-a (a=1 , 2 r) inputted from the r client/super FEC 

conversion units 7-k (k=1 .2. .... r). andwi optical signals 
356-b (b=1. 2, wi) inputted from the second demulti- 
plexing unit 68, and outputs the resulting optical signals 
as r optical signals 355-c (c=1, 2. .... r) and wo optical 

to signals 256-d (d= 1,2, .... wo). 

J0279] The second multiplexing unit SB wavelength 
division multiplexes the wo optical signals 256-d fcM , 
2, wo) from the second cross-connect switch unit 48. 
and outputs the resulting signal to a transmission path 

'5 60 on the super line side as a wavelength multiplexed 
signal 257. 

[0280] The second demultiplexing unit 6B demulti- 
plexes a wavelength multiplexed signal 357 received 
from a transmission path 61 on the super line side at 
each wavelength to generate wi optical signals 356-b 
(6=1 , 2, . .. , wi) which are outputted to the second cross- 
connect switch unit 4B. 

[0281] Here, the client/super FEC conversion units 
7-k (k=1, 2, .., r) and the second cross-connect switch 

2« unit 4B are adjusted such that the wo optical signals 
256-d (d=1 .2 wo) have the wavelengths cf light dif- 
ferent from one another. Specifically, the wavelengths 
are adjusted either by assigning different wavelengths 
to the wo optical signals 256-d in the former or by con- 

30 vetting the wavelengths in the latter, or by performing 
both expedients. 

[0262] When the second cross-connect switch unit 4B 
internally performs electric signal processing, and an in- 
terface is adapted for optical signal processing, the in- 
25 putted ropticalsignals255-a{a=1, 2, ...,r)andwi optical 
signals 356-b (b= 1 , 2, .... wi) may be converted into elec- 
tric signals which are then cross-connected/branched 
and again converted into r optical signals 355-c fe=1, 

2 r) and wo optical signals 256-d (d=l, 2, .... wo) 

■** which may be eventually outputted from the second 
cross-connect switch unit 48. 
[0283] In the above configuration, electric signals may 
be communicated between the second cross-connect 
switch unit 4Bandthe client/super FEC conversion units 
j s 7-k (k=1 , 2, r). in this event, the electro-optical con- 
version unit 260 and the opto-eiectric conversion units 
360 are not required in each ol She client-super FEC con- 
version units 7-k, and electro-optical conversions and 
opto-efectric conversions may be performed on the su- 
ss per line side of the cross-connect switch unit 48, i.e., 
toward the wo optical signals 256-d (d= 1 , 2, ... , wo) and 

the wi optical signals 356-b (t>=1. 2 wi). 

[0284] Also, in the nineteenth embodiment, the sec- 
ond multiplexing unit 5B and the second demultiplexing 
ss unit 6B may be adapted to time division multiplexing and 
time division demultiplexing, respectively, instead of 
wavelength division multiplexing and wavelength divi- 
sion demultiplexing. In this configuration, r optical sig- 
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■wis 255-a 2 -) w, optical sights 356-b {b=1 
wi), r optical signals 355-c <c=1. 2, .... r> anc{ wo 
optical signals 256-d (d=1. 2. .... wo) be repiaced 
with respective electric signals corresponding thereto 
Of course ,n this case, the client/super FEC conversion 
unn /-« (fc=1i 2 f) Snd me seeond cross<{5 

switch unit 4B do not require the function of converting 
electric signals into optical signals and vice versa Then 
the second muitipi^ng unit SB time division mutetexes 

wo electric s ,gnais 256-d (d.1, 2 wo) , converts t S 

multiplexed electric signal into an optical signal 257, and 
outputs the optical signal 257. The second demmfipfe*- 
«H> unit 6B m turn converts an optical signal 357 into an 
electric signal, time division demultiplexes the electric 
signal to generate wi electric signals 356-b <d~1 2 
wi). and outputs the wi electric srgnais 356-b ' ' 



(Twentieth Embodiment) 

£0285] Fig 1$ ifi usSfa t es a network , D 
mg to an embodiment of the present mvention wh C h em- 
P toys one of the transmitting apparatus described in the 
aforementioned embodiments. 
[0286] A super FEC domain 400 which is a network 
or internally processing a supe< - FEC siqna| 
ihrough an optical fiber or an e(ec!ric transm.ssion path 
ana transmitting the processed signal, comprises net- 
work elements 500 - 509 similar to the transmitters ln 
ha aforementioned embodiments- optical fibers or elec- 
tric transmission paths for interconnecting these net- 
work elements: and an operaiing system 9 for control- 

o AM& P of the domain 400. 

[0287] A super FEC domain 4 i 0. which is a network 
or mtemaiy processing a super FEC signal received 
through an optical fiber or an electric transmission path 
and transmitting the processed signal . connects each of 
network elements 510, 511 to the network elements 
509. 506 in the super FEC doma in 400. respectively. For 
example, an optical fiber or an electric transmission path 
Ifnft^T 3 CDnn6dion betwe ^ the network elements 
508, 511 to communicate super FEC signals both from 
the network element 508 to 511 and from the network 
element 511 to 508 m the opposite direction. Here the 
network elementsSlO. 511 are also similarto the trans- 

roS Tq^ 1 " 6 mm >°™ embodiments. 
[0288] G.97S FEC domains 420 - 422. which are net- 
works for internally processing signals defined in ITU-T 
Recommendation G.975 {hereinafter called the "G 97 5 
signal") received through transmission paths and trans- 
mitting processed signals, connect associated network 
elements 520 - 522 to the network elements 500 502 
504 m the super FEC domain 400. respectively For ex- 
ample, an optical fiber or an electric transmission path 
«r c d on " 3 C ™ neciim b « tWBe " the network elements 
500. 520 to communicate G.975 defined signals both 
from the network element 500 to 520 and from the net- 
work element 520 to 500 in the opposite direction 



[0289J Non-FEC domains 430 - 434 are networks for 
internally processing arbitrary digital signals received 
through transmission paths and transmitting processed 
signals, wherein the digital signals are not the G 975 siq- 
^ nals nor super FEC signals. Then, the non-FEC do- 
mains 430 - 434 connect associated network elements 
530 - 534 to the network elements 501 503 505 - 507 
in the super FEC domain 400. respectively. For exam- 
pie. an optical fiber or an electric transmission path is 
used for a connection between the network elements 
503 and 531 to communicate signals in the same format 
as those m the non-FEC domain (called the "non-FEC 
signal") both from the network element 503 to 531 and 
from the network element 531 to 503 in the opposite di- 
rection. Further, when the network element 530 in the 
non-FEC domain 430 comprises an interface for han- 
dling a signal defined in the above-cited G.975 the 
G975 signal may be communicated from the network 
elemenl 501 lo 530 and from the network element 530 
to 501 tn the opposite direction. 
10290] (n the network configured as described above 
the network elements 500 - 509 in the super FEC do- 
main 400 handle signals communicated among the ex- 
ternal super FEC domain 410, G.975 FEC domains420 
- 422. and non-FEC domains 430 - 434 as client signals 
and perform the conversion between a client signal and 
the super FEC signal, multiplexing, demultiplexing re- 
generating, cross-connect switching, and notification of 
avanety of information for OAM&P of the network to the 
30 operating system 9. 

PS2S1] The operating system 9 executes OAM&P of 
me super FEC domain 400 based on a variety of infor- 
mation for OAM&P notified from the respective network 
elements 500 - 509, and information which is set by the 
operator. Further, the operating system 9 controls the 
respectrve network elements 500 - 609 to execute ap- 
propriate operations in accordance with the type of client 
signals, controls multiplexing, demuttipiexing. ragener- 
ating, and cross-connection switching between super 
FEC signals and between client signals, and also con- 
trols protection switching and restoration switching be- 
tween super FEC signals, as the case may be 
[0292] Fig. 1 9 shows that a cable connecting between 
network elements for transmitting a super FEC signal is 
mdicated by a set of three lines: a cable for transmitting 
a G.975 signal by a solid line; and a cable for transmit- 
ling a non-FEC signal by a broken fine. 
[0293] A connection cable between network elements 
is not necessarily one. but two cables or a plurality of 
arbitrary cables may be routed corresponding ,o trans- 
mission directions of signals communicated there- 
through. 

[0294] | In another way, the network topology within the 
super FEC domain 400 may not be the ring connection 
« as^strat e( JinHg. 1S:blJirnaybe>forejfample a)(negr 
connection suitable for one-to-one communion a 
mesh connection, a star connection, or a combinaiion 
of these connections. 
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[0295] According lo She twenties h embodiment, it is 
possible to readily configure a wide area network which 
converts a variety of client signal from a variety of exist- 
ing networks, which are regarded as local area net- 
works, into super FEC signals for transmission over a s 
long distance, and to. configure a network which exhibits 
a good compatibility with existing networks that handle 
G.975 signals. 

[0296] With the use of the method for encoding an er- 
ror correcting code according to the present invention to 
it is possible to readily encode an error correcting code 
which has a sufficient gain of 6 dB or more for a bit error 
ratio of 10" 12 and is suitable for maintaining an original 
transmission distance when the degree of time division 
multiplexing for an optical signal is increased, for maxi- *s 
mizing a transmission distance for a mixture of optical 
signals at different bit rates under the wavelength divi- 
sion multiplexing, and tor increasing a regenerator in- 
terval on condition that the degree of lime division mul- 
tiplexing is not changed, and an error correcting code so 
which has a higher gain while ensuring a mutual con- 
nectivity With an existing transmission network which in- 
troduces an 8-error-correcting Reed-Solomon code. 
Further, with the use of the super FEC signal transmitter/ 
receiveraccording to the present invention, it is possible 
to readily realize a transmitting apparatus and a network 
which have the above-mentioned characteristics. 



Claims so 

1 . A method for encoding an error correcting code for 
providing an error correcting code to a client signal 
having a fixed bit rate, said method comprising the 
steps of: 35 

repeatedly parallelizing said client signal to B 
systems every A bits to generate B paraliellized 
client Signals; 

segmenting said B paralleled client signals ->o 
every C bits to create B parallelized client 
blocks (100); 

increasing a bit rate of each of said 6 parallel- 
led client blocks by a factor of D to Increase 
a length of each said parallel! ized client block -is 
from C bits to E bits to create B outer code sub- 
blocks (1108); 

placing information of said parallelized client 
blocks in a second bit to a (C+1 )th bit in each 
of said B outer code subblocks on a time series so 
basis, leaving a firs! bit and a {C+2)th bit to an 
E-th bit as an empty area created by increasing 
the bit rate, assigning a first bit of said empty 
area as an overhead area (110C), and an area 
from a (C+2}th bit to the E-th bit of said empty 55 
area as a check bit area for an outer code 
(110B); and 

encoding each of said B outer code subblocks 



independently with an outer code \. and plac- 
ing check bits thereof in said check bit area for 
the outer code to create B outer encoded sub- 
blocks. 

2. A method for encoding an error correcting code ac- 
cording to claim 1 . further comprising the steps of: 

adding F empty blocks (1 20B) to said B outer 
encoded subblocks. said empty block having 
the same length as said outer encoded sub- 
block, to create a total of G intermediate sub- 
blocks; 

assigning an area of said F empty blocks as a 
check bit area for an inner code; 
segmenting each of said G intermediate sub- 
blocks every H bits, and collecting an amount 
ol the segmented H bits corresponding to said 
G intermediate subblocks lo creale one inner 
code subblock: 

segmenting again said G intermediate sub- 
blocks into J of said inner code subblocks; 
encoding each of said J inner code subblocks 
independently with an inner code f , placing 
check bits thereof in said check bit area for the 
inner code to create J inner encoded sub- 
blocks; 

inserting a framing pattern indicative of starting 
positions of said outer encoded subblocks and 
said inner coded subblocks. and a plurality of 
information for OAM&P of a network into said 
overhead area; 

regarding said J inner encoded subblocks as a 
* single inner encoded block: 

performing predetermined scrambling on said 
inner encoded block to create a scrambled in- 
ner coded block: and 

interleaving every L consecutive bits from each 
of G parallel signals in said scrambled inner en- 
coded block to generate a single serial super 
FEC signal having a bit rate (D -G/B) times as 
high as that of said client signal, 
wherein said A, B, C, E, F, G, H. J, I are pre- 
determined integer values, and said D is a pre- 
determined value. 

3. A method (or encoding an error codin g code accord- 
ing to claim 1 , further comprising the steps of: 

increasing a bit rate of each of said B outer en- 
coded subblocks by a factor of R to create B 
intermediate subblocks; 
allocating an empty area comprised of Q con- 
secutive bits created by increasing the bit rate 
in every P consecutive bits of an inner code in- 
formation area in each of said B intermediate 
subblocks, placing information of said ouler en- 
coded subblocks In said innercode information 
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area, arid assigning said Q bits of the empty 
area as a check bit area for an inner code: 
segmenting each of said B intermediate sub- 
blocks every <P+Q> bits corresponding to said 
inner code information area and said check bit 
area for the inner code, collecting a number of 
segmented fP+Q) bits corresponding to said B 
intermediate subblocks to create a single inner 
code sybbiock; 

segmenting again said B intermediate sub- 
blocks into J of said inner code subblocks: 
encoding each of said J inner code subblocks 
independently vwih an inner code <P, placing 
check bits thereof in said check bit area forthe 
tnner code io create J inner encoded sub- 
blocks: 

inserting a framing pattern indicative of starting 
positions of said ouier encoded subblocks and 
said inner coded subblocks. and a plurality of 
information for OAMSP of a network into said 
overhead area, 

regarding said J inner encoded sub-block as a 
single inner encoded block; 
performing predetermined scrambling on said 
inner encoded block to create a scrambled in- 
ner coded biock: and 

interleaving every l consecutive bits from each 
of G parallel signals in said scrambled inner en- 
coded block to generate a single serial super 
FEC signal having a bit rate {DxR) tsnes as 
high as that of said client signal, 
wherein said A. B. C. E. J. L. P, Q are predeter- 
mined integer values . and said D and R are pre- 
determined values. 
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A. A method for decoding a super FEC signal while 
correcting errors in said super FEC signal, said su- 
per FEC signal having a predetermined frame struc- 
ture, a predeiermined overhead area, and a prede- 
termined error correcting code, said method com- 
prising the steps of: 

repeatedly parallelling said super FEC signal 
to G systems every l consecutive bits to gen- 
erate G parallelized FEC signals; 
detecting a framing pattern inserted in said 
overhead area io adjust a temporal sequence 
and a parallel sequence of said parallelized 
FEC signal to reconstruct a sequence of a 
scrambled inner encoded block; and 
performing predetermined descrambiing on 
said scrambled inner encoded block to recon- 
struct an inner encoded block. 

. A decoding method according lo claim 4, further 56 
■ comprising the steps of: 

extracting a plurality of information pieces for 
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OAM&Pcf a network inserted at predetermined 
positions in said overhead area to perform pre- 
determined processing: 
segmenting every H consecutive bits in each of 
parallel signals from said inner encoded block 
to reconstruct J inner encoded subblocks: 
decoding each of said J inner encoded sub- 
blocks independently with an inner code V to 
create J inner decoded subblocks: 
reconstructing G paralleled intermediate 
subblocks from said J inner decoded sub- 
blocks; 

restoring 8 outer encoded subblocks from said 
G intermediate subblocks; 
decoding each oi said B outer subblocks inde- 
pendently with an outer code a to create B out- 
er decoded subblocks; 

reducing a bit rate of each of said B outer de- 
coded subblocks by a lacier of D to reduce a 
length of each said outer decoded subblock 
from £ bits to C bits . removing an overhead ar- 
ea and a check bit area forthe outer code, and 
leaving information from a second bitto a (C+1 ) 
th bit in time series to reconstruct 8 parallelized 
client blocks; and 

interleaving every A consecutive bits from each 
of said B parallelized client blocks to restore a 
single serial client signal having a bit rate (B/D/ 
G> times as high as thai of said super FEC sra- 
naf, * 
wherein each of said A, B. C. 0, E. G, H. J. L 
is a predetermined value, and said inner code 
f and said outer code A are predetermined 
codes. 

A decoding method according to claim 4. further 
comprising the steps of: 

extracting a plurality of information pieces for 
OAM&P of a network inserted at predetermined 
positions in the overhead area of said inner en- 
coded block to perform predetermined 
processing: 

segmenting every fP+Q) consecutive bits in 
each of parallel signals from said in ner encoded 
block to reconstruct J inner encodedsubblocks ; 
decoding each of said J inner encoded sub- 
blocks independently with an inner code V io 
create J inner decoded subblocks; 
reconstructing B para lleHZed intermediate sub- 
blocks from said J inner decoded subblocks; 
reducing a bit rate of each of said B intermedi- 
ate subblocks by a factor of R, removing a 
check bit area for an inner code in each of said 
B intermediate subblocks, and leaving the re- 
mainder lo reconstruct B outer encoded sub- 
blocks: 

decoding each of said B outer subblocks inde- 
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pendentty with an outer code a to create B out- 
er decoded subblocks: 

reducing a bit rate of each of said B outer de- 
coded subblocks by a factor of D to reduce a 
fength of each said outer decoded subblock 
from E bits to C bits, removing an overhead ar- 
ea and a check bit area for trie outer code, and 
leaving information from a second bit to a (C+1 ) 
th bit in time series to reconstruct B parallelized 
client blocks: and 

interleaving every A consecutive bits from each 
of said B parallelized client blocks to restore a 
singie serial client signal having a bit rate (8/0/ 
G) times as high as that of said super FEC sig- 
nal, 

wherein each of said A, B. C, D, E, H, J. L R 
Q. R is a predetermined value, and said inner 
code V and said outer code A are predeter- 
mined codes. 

7. A method according to claim 1 of 4. wherein 

said A is set to 1 : said 8 is set to 128; said C is 
set to 236: said D is set to 15/14: said E is set 
to 255: said F is set to 16: said G is set to 144; 
said H is set to 1 : said J is set to 255; and said 
L is set to 1 : 

said outer code A comprises either an eight-er- 
ror-correcting Reed-Solomon code (255, 239) 
on Gafois fiefd (256), or an eleven-error-cor- 
reciing shortened BCH code (2040, 1919) 
based on Galois field (2046): and 
said inner code 4* comprises either a stngle-er- 
ror-correcting shortened Reed-Solomon code 
(1 8. 1 6) on Galois field (256). or a doubie-error- 
correcting shortened BCH code (144, 128) 
based on Gaiois field (256). 

8. A method according to claim 1 or 4, wherein: 

said A is set to 1: said B is set to 112; said C is 
set to 238; said D is set to 15/14; said E is set 
to 255: said F is set to 16: said G is set to 128: 
said H is set to 1 ; said J is set to 255; and said 
L is set to 1 ; 

said outer code A comprises either an eight-er- 
ror-correcting Reed-Solomon code (255. 239) 
on Galois field (256). or an efeven-error-cor- 
recting shortened BCH code (2040, 1919) 
based on Gaiois field (2048): and 
said inner code 'I' comprises either a singie-er- 
ror-corrocting shortened Rood -Solomon code 
(16, 14) on Galois field (256), or a double-error- 
correcting shortened BCH code (127, 113) 
based on Galois field (128). 

9. A method for encoding an error correcting code ac- 
cording to claim 3, wherein: 
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said A is set to 1 : said B is set to 128: said C is 
set to 238; said D is set to 15/14; said E is set 
to 255: said J is set to 19: said L is set to 1 : said 
P is set to 11 2: said Q is set to 8: and said R is 
s set to 15/14: 

said outer code a comprises either an eight-er- 
ror-correctmg Reed-Solomon code (255. 239) 
on Galois field (256). or an eleven-error-cor- 
recting shortened BCH code (2040. 1919) 
m> based on Galois field (2048): and 

said inner code f comprises either an eight- 
error-eorrecting shortened Reed-Solomon 
code (240, 224} on Gaiois fieid (256), or an 
eleven-error-eorrecting shortened BCH code 
»s (1920, 1799) based on Galois fieid (2048). 

10. A decoding method according to claim 6. wherein: 

said A is set to 1 ; said B is set to 128; said C is 
no set to 238: said D is set to 15/14; said E is set 

to 255; said J is set to 19 , said I is set to 1 ; said 
P is set to 1 1 2; said O is set to 8: and said R is 
set to 15/14: 

said outer code A comprises either an eight-er- 
25 ror-correcting Reed-Solomon code (255, 239) 

on Galois field (256), or an eleven-error-cor- 
recting shortened BCH code (2040. 1919) 
based on Galois field (2048): and 
said inner code V comprises ether an eight- 
30 error-correcting shortened Reed-Solomon 

code (240. 224) on Galois field (2048). or an 
eteven-erfor-correcting shortened BCH code 
(1920, 1799) based on Galois field (2048). 

35 11, A method according to claim 1 or 4, wherein: 

a capacity equal to or more than a capacity of 
said client signal multiplied by {1 -(B/D/G)] is an 
empty area which can be freely used: 

■*o a portion or the entirety ot said empty area is 

regarded as the check bit area for the outer 
code, the check bit area for the inner code, and 
said overhead area, without converting the bit 
rates of said client signal and said super FEC 

■** signal; and 

data of said client signal and said FEC signal 
are placed at piedelermined positions lo create 
said outer code subblock and said inner code 
subblock, or said outer encoded subblock and 

so said inner encoded subblock. 

12. A method according to cfaim 3 or 6, wherein; 

a capacity equal to or more than a capacity of 
55 said cfient signal multiplied by { 1 -( 1 /D/R)} is an 

empty area which can be freely used; 
a portion or the entirety of said empty ares is 
regarded as the check bit area for the outer 
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code, the check bit area forthe innercoefe, and 
said overhead area, without converting the bit 
rates of said client signal and said super FEC 
signal: and 

data of said client signal and said FEC signal 
are placed at predetermined positions to create 
said outer code subblock and said inner code 
subblock, or said outer encoded subblock and 
said inner encoded subblock, 

1 3. A method according to any of claims 1 , 3. 4, 6, 7, a, 
S and 10. wherein: 

said client signal is converted into said super 
FEC signal by first encoding each of said J inner 
code subblocks with said inner code and en- 
coding each of said G intermediate sunblocks 
or said 8 intermediate subblocks with said outer 
code A; and 

said super FEC signal is converted to said client 
signal by first decoding each of said G interme- 
diate subblocks or said B intermediate sub- 
blocks with said outer code a, and decoding 
each of said J inner encoded subblocks with 
said inner code y to exchange the order of satd : 
encoding and said decoding with said inner 
code y and said outer code A. 

14. A method according to any of claims 1 . 4, 7 and 8, 
wherein: 

when said J inner code subblocks are encoded 
with said inner code v, a Check 6ft of each of 
said inner code subblocks is placed in a check 
bit area of an inner code subblock subsequent 
thereto; and 

when said J inner encoded subblocks are de- 
coded with said inner code Vl decoding 
processing is performed on the assumption that 
a check bit of each of said inner encoded sub- 
blocks is placed in an inner encoded subblock 
subsequent thereto. 

15. A method according to any of claims 1,3. 4. 6, 7 8 
Sand 10, wherein: 

said client signal Is any of: 

an SDH signal defined in ITU-T Recommenda- 
tion G.7C7, and a SONET signai defined in AN- 
SI Recommendation T1.105; 
a signal error-correction-encoded using an 
oight-orror-corrocting Reod-Solomon code 
(255, 239) on Galois field (256) defined in ITU- 
T Recommendation G.975; 
a signai On an OCh layer defined in ITU-T Rec- 
ommendation G.872; 

any of 1000 Base-SX, 1000 Base-LX and 1000 
Base-CX signals defined in IEEE standard 
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802.3?; and 

a signal generated by time division multiplexing 
said above signals in an arbitrary manner. 

16. A method according to any of claims 1 . 2, 4, 5. 6. 7, 
B, 9, and 10, wherein: 

said client signal is a code encoded with the 
same code <t> as said outer code A; 
said client signal is converted into said super 
FEC signal by: 

converting a bit rate of said client signal to 
a predetermined bit rate, and encoding 
said client signal with said inner code f to 
generate said super FEC signal; or 
once decoding said client signal with said 
code <j.,. converting a bit rate of said client 
signal lo a predetermined bil rale, and en- 
coding said client signal with said inner 
code f to generate satd super FEC signal; 
or 

once decoding said client signal with said 
code *, again encoding said cfient signal 
with said outer code A, converting abit rate 
of said client signal lo a predetermined bit 
rate, and encoding said client signal with 
said inner code V to generate said super 
FEC signal; or 

converting a bit rate of said client signal to 
a predetermined bit rate, encoding sad cli- 
ent signal with said outer code a, and en- 
coding said client signal with said Inner 
code V to generate said super FEC signal, 
and 

said super FEC signal is converted into 
said client signai by: 

decoding said super FEC signal with 
said inner code Y, and converting a bit 
rate of said super FEC signal to a pre- 
determined bit rate to generate said 
client signal; or 

decoding said super FEC signal with 
said inner code T, converting a bit rate 
of said super FEC signal to a predeter- 
mined bit rate, and decoding said su- 
per FEC signal with said outer code a 
to generate said client signal; or 
decoding said super FEC signal with 
said inner code *f', subsequently con- 
verting a bit rate of said super FEC sig- 
nal to a predetermined bit rate, once 
decoding said super FEC signal with 
said outef code A. and subsequently 
assigning said super FEC signal once 
encoded with said code <r> as said cli- 
ent signal; or 
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decoding said super FEC signal with 
said inner code *t' and said outer code 
A. and converting a bit rate of said su- 
per FEC signal to a predetermined bit 
rate to generate said client signal. 

17. A decoding method according to claim 1 6, wherein: 

said A is set to 1 ; said C is set to 238: and said 
£ is set to 255. 

said outer code A comprises an eight-error-cor- 
recting Reed-Solomon code (255, 239) on Ga- 
lois field (256): and 

said client signal comprises a signal error-cor- 
rection-encoded using an eight-error-correct- 
ing Reed- Solomon code (255 : 239) on Galois 
field (256) defined in ITU-T Recommendation 
G.975. 

18. A decoding method according to claim 1 6, wherein: 

when said client signal is converted into said 
super FEC signal. 

inserting information indicating which ol said 
four types of conversions has been performed 
at a predetermined FSI byte position into said 
overhead area of said super FEC signal: and 
when said super FEC signal is converted into 
said client signal in an opposite way, 
extracting information at a predetermined FSI 
byte position in said overhead area ot said su- 
per FEC signal, and determining based on the 
extracted information which of said four types 
Of conversions is performed. 

19. A decoding method according to claim 4 or 6, 
wherein said decoding with the outer code A and 
said decoding with the inner code H* are alternately 
repeated a plurality of times. 

20. A method for encoding an error correcting code ac- 
cording to any of claims 1 , 3, 7, 6 and 9, wherein: 



volved in the decoding with said inner code H' 
and said outer code A. 

21 . A decoding method according to any of claims 4.6. 
s 7. 8 and 10. wherein: 

when said client signal is converted into said 
super FEC signal. 

information indicating whether or not said over- 
10 head area was included in the processing in- 

volved in the encoding with said outer code A 
and said innercode V is inserted at a predeter- 
mined FSiB byte position into said overhead ar- 
ea of said super FEC signal: and 
'5 when said super FEC signal is converted into 

said clrent signal in an opposite way, 
information at a predetermined FSIB byte posi- 
tion in said overhead area of said super FEC 
signal is extracted to determine based on the 
2° extracted information whether or not said over- 

head is included in the processing involved in 
the decoding with said inner code f and said 
outer code A. 

ss 22. A method for encoding an error correcting code ac- 
cording to any of claims 1,3,7.8 and 9, wherein 

when said client signal is converted into said 
super FEC signal. 

inserting information indicating whether or not 
said client signal was encoded with said outer 
code A and said inner code V at a predeter- 
mined FSIC byte position in said overhead area 
of said super FEC signal; and 
when said super FEC signal is converted into 
said client signal in an opposite way, 
extracting information at a predetermined FSIC 
byte position in said overhead area of said su- 
per FEC signal, and determining based on the 
extracted information whether or not said super 
FEC signal is decoded with said inner code H y , 
and whether or not said FEC signal is decoded 
with said outer code A. 

23. A decoding method according to any of claims 4,6, 
7, 8 and 10, wherein: 

when said client signal is converted into said 
super FEC signal, 

inserting information indicating whether or not 
said client signal is encoded with said outer 
code A and said inner code 4' at a predeter- 
mined FSIC byte position in said overhead area 
ot said super FEC signal: and 
when said super FEC signal is converted inlo 
said client signal in an opposite way, 
extracting information at a predetermined FSIC 
byte position in said overhead area of said su- 



when said client signal is converted into said 
super FEC signal, •« 
information indicating whether or not said over- 
head area was included in the decoding 
processing involved m the encoding with said 
outer code A and said inner code V is inserted 
at a predetermined FSIS byte position in said so 
overhead area of said super FEC signal; and 
when said super FEC signal is converted into 
said client signal in an opposite way, 
information at a predetermined FSIB byte posi- 
tion in said overhead area of said super FEC ss 
signal is extracted to determine based on the 
extracted information whether or not said over- 
head is included in the decoding processing in- 



so 
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per FEC signal and determining based on the 
extracted information whether or not said super 
FEC signal is decoded with said inner code T, 
and whether or hot said FEC signal is decoded 
with said outer code A. $ 

24. A method for encoding an error correcting code ac- 
cording to claim 1 or 3. wherein: 

said super FEC signal is generated by: 

10 

regarding, as a single column, (G <R) bits or 
(B ■ Ft) bits comprised of a number of parallel 
columns of Ft temporally synchronized consec- 
utive bits in each of said J ihrser code subbtocks; 
extracting a total of J columns, one from each is 
of said J inner code subblocks. and arranging 
said coiumns successively on a time series ba- 
sis: 

repeatedly performing said rearrangement on 
all coiumns in said J inner code subblocks: and so 
newly encoding said rearranged inner code 
subblocks with said inner code f as J inner 
code subblocks, or 

extracting a total of J columns, one from each 
of said J inner encoded subblocks after encod- ?s 
ed with said inner code H* and arranging said 
columns successively on a. time series basis; 
repeatedly performing said rearrangement on 
all columns in said J inner code subbloefcs; and 
assigning said rearranged inner code sub- 30 
blocks newly as J inner encoded subbtocks, 

25. A method for encoding an error correcting code ac- 
cording to claim 1 or 3, wherein: 

said super FEC signal is generated by: 3s 

grouping every S outer encoded subblocks 
from among said B outer encoded subbtocks. 
and shifting groups of said S outer encoded 
subblocks by a constant time interval from one -to 
another to newly generate B outer encoded 
subblocks, or 

grouping every S parallel signals from among 
said G orB parallel signals in said inner encod- 
ed blocks, and shifting groups of said S paraliei ■** 
signals by a constant time interval from one an- 
other lo newly generate inner encoded blocks. 

26. A method according to any of claims 1,3,4 and 6, 
wherein: so 

said Kr is set to one of 16, 32 or 64; 

said client signal comprises an OC-1 92 signal 

of SONET defined in ANSI Recommendation 

T1 .105. or an STM-64 signal of SDH defined in ss 

ITU-T Recommendation G.707; and 

said outer code A comprises an eighl-error-eor- 

recting Reed-Solomon code {255 239) on Ga- 



lois field (256). 

A decoding method according to any of claims 1,3. 
5,6. 11 and 12, wherein said client signaiis a signal 
generated by terminating an 8B1 OB code of a digital 
signal encoded using an SB10B code defined in 
IEEE standard 802.3Z, and reducing a bit rate there- 
of in an appropriate ratio with respect to the bit rate 
before the SB 1 0B code termination , or a signal gen- 
erated by termmating the 8B10B code and main- 
taining a bit rate thereof, 

A super FEC signal transmitter (2) for converting a 
received client signal into a super FEC signal and 
outputting the super FEC signal, said super FEC 
signal transmitter comprising: 

a serial-to-parailei conversion unit {21 2} for re- 
ceiving a digital client signal having a constant 
bit rate, parallelizing the client signal and out- 
putting the paraflellteed signal; 
a first frame conversion unit (214) for increas- 
ing a bit rate of each of signals from said seriaf- 
to-parallel conversion unit to a predetermined 
bit rate, rearranging data into a predetermined 
frame format, and outputting the rearranged 
data; 

a first overhead insertion unit (216) for inserting 
a framing pattern and a variety rjf information 
for OAM&P of a network into a predetermined 
overhead area of a signal from said first frame 
conversion unit, and outputting the signal hav- 
ing the information inserted therein; 
a first encode processor unit (21 7) for encoding 
the signal from said first overhead insertion unit 
using an outer code A and outputting the en- 
coded signal; 

a second overhead insertion unit (21 G) for in- 
serting a framing pattern and a variety of infor- 
mation for OAMSP of a network into a prede- 
termined overhead area of the signal from said 
first encode processor unit, and outputting the 
signal having the information inserted therein; 
a second frame conversion unit (220) for in- 
creasing a bit rate of the signal from said sec- 
ond overhead insertion unit to a predetermined 
bit rale, converting the number of parallelized 
data of the signal to a predetermined number 
of parallelized data to rearrange the data into 
a predetermined frame format, and outputting 
the rearranged data: 

a second encode processor unit (221) for en- 
coding the signal from said second overhead 
insertion unit with an inner code 4* and output- 
ting the encoded signal: 
a third overhead insertion unit (222) for insert- 
ing a framing pattern and a variety of informa- 
tion for OAM&P of a network into a predeter- 
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mined overhead area of the signal from said 
second encode processor unit, and outputting 
the signal having the information inserted 
therein: 

a scrambler {224) for performing predeter- 5 
mined scrambling on the signal from said third 
overhead insertion unit and outputting the 
scrambled signal; 

a paraflet-to-serial conversion unit (225) (or se- 
rializing the signal from said scrambler and out- to 
putting the serialized signal as a super FEC sig- 
nal: and 

an overhead processor unit {21 5) for indicating 
a frame pattern and predetermined information 
for OAM&P of a network to be inserted to each 'S 
of said first overhead insertion unit, said second 
overhead insertion unit and said third overhead 
insertion unit. 

29. A super FEC signal receiver (3) for converting a re- 
ceived super FEC signal into a ciient signal and out- 
putting the client signal, comprising: 

a scrial-to-parallof conversion unit (311) for re- 
ceiving a super F£C signal generated by the 25 
super FEC signal transmitter (2) according to 
claim 28, paratlellizing said super FEC signal, 
and outputting the parallelized super FEC sig- 
nal; 

a frame synchronization unit (312) for detecting 30 
a predetermined framing pattern from the sig- 
nal from said serial-to-paraliel conversion unit, 
rearranging the signal in a proper sequence to 
organize the signal into a predetermined frame 
format, and outputting the signal in the prede- 35 
termined frame format; 

a descrambler (313) for performing predeter- 
mined descfambfing on the signal from said 
frame synchronization unit and outputting the 
resulting signal as a descrambled signal: -to 
a first overhead extraction unit (314) for extract- 
ing and/or terminating predetermined overhead 
information tor OAM&P of a network inserted in 
a predetermined overhead area of the de- 
scrambled signal from said descrambler. and 
outputting the descrambled signal from which 
the predetermined overhead information is ex- 
tracted and/or in which the predetermined over- 
head information is terminated; 
a first decode processor unit (31 5) for decoding so 
the signal from said first overhead extraction 
unit using an inner code H' and outputting the 
decoded signal as an inner decoded signal; 
a second overhead extraction unit (31 6) for ex- 
tracting artd/or terminating predetermined 
overhead information for OAM&P of a network 
inserted in a predetermined overhead area of 
the inner decoded signal from said first decode 



processor unit, and outputting the inner decod- 
ed signal from which the predetermined over- 
head information is extracted and/or in which 
the predetermined overhead information is ter- 
minated; 

a first frame conversion unit (317) for reducing 
a bit rate of the signal from said second over- 
head extraction unit lo a predetermined bit rale, 
converting the number of parallelled data of 
the signal to a predetermined number of paral- 
lelized data to rearrange the data into a prede- 
termined frame format, and outputting the rear- 
ranged data: 

a second decode processor unit (318) for de- 
coding the signal from said first frame conver- 
sion unit using an outer code a and outputting 
the decoded signal as an outer decode signal: 
a third overhead extraction unit (319) for ex- 
tracting and/or terminating predetermined 
overhead information for OAM&P of a network 
inserted in a predetermined overhead area of 
the outer decode signal from said second de- 
code processor unit, and outputting the outer 
decode signal from which the predetermined 
overhead information is extracted and/or in 
which the predetermined overhead information 
is terminated: 

a second frame conversion unit (320) for reduc- 
ing a bit rale of the signal from said third over- 
head extraction unit to a pf edesermined bit fate, 
rearranging data into a predetermined frame 
format, and outputting the rearranged data: 
a parallel-to-serial conversion unit (321 } for se- 
rializingthe signal from said second frame con- 
version unit, and outputting the serialized sig- 
nal as a digital client signal having a constant 
bit rate; 

an overhead processor unit (340) for process- 
ing predetermined information for OAM&P of a 
network which is extracted and/or terminated in 
said first overhead insertion unit, said second 
overhead insertion unit and said third overhead 
insertion unit: and 

an FEC performance monitor unit (341) for 
processing information on the number of cor- 
rected data in the decoding performed in said 
first decode processor unit and said second de- 
code processor unit, an estimated value for the 
number of uncorrectable bits when uncorrecta- 
ble errors exist, and the number of error cor- 
rected bits when errors are corrected. 

30. A transmitting apparatus (1) for converting a client 
signal into a super FEC signai and vice versa, and 
55 directly regenerating said super FEC signal, said 
transmitting apparatus comprising: 

an opto-electric conversion unit (360) for re- 
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ceiving s fire) optical signal (359) from an ex- 
ternal optical transmission path (61), conven- 
ing the first optical signal into an eiectric signal 
(350). and outputting the electric signal: 
the super FEC signal receiver (3) according to 5 
claim 29 for receiving the eiectric signal from 
said opto-electric conversion unit as a first su- 
per FEC signal, converting the electric signal 
into a first client signal, and outputting the first 
client signal: ' w 

a branch unit for branching the first client signal 
from said super FEC signal receiver, transmit- 
ting one (300) of the branched signals to an ex- 
ternal transmission path (51), and reversing the 
other one to generate a reverse signal (304 is 
305, 306}; 

the super FEC signal transmitter (2) according 
to claim 28 lor receiving a second client signal 
(200) from an external transmission path (50) 
or the reverse signal branched off at said so 
branch unit converting the received signal into 
a second super FEC signal, and outputting the 
second supper FEC signal; and 
aneloctro-optical conversion unit (260) for con- 
verting the second super FEC signal from said 2$ 
super FEC signal transmitter into a second op- 
tical signal (259), and transmitting the second 
optical signal to an external optical transmis- 
sion path (60). 

30 

A transmitting apparatus (1B) for performing multi- 
plexing, demultiplexing and cross-connecting be- 
tween a plurality of subclient signals and aciient sig- 
nal ,. and a conversion between the client signal and 
'a super FEC signal, and direct regeneration of said as 
super FEC signal, said transmitting apparatus com- 
prising: 

an opto-electric conversion unit (360) for re- 
ceiving a first optical signal (359) from an ex- 40 
temat optical transmission path (61 ), convert- 
ing the first optical signal into an eiectric signal 
(350), and outputting the electric signal: 
the super FEC signal receiver (3) according to 
claim 29 for receiving the electric signal from ■« 
said opto-electric conversion unit as a first su- 
per FEC signal, converting the firs! super FEC 
signal into a first client signal (300), and output- 
ting the first client signal; 

a branch unit for branching the first client signal so 
from said super FEC signal receiver, outputting 
one of the branched signals as a forward signal, 
and outputting the other of the branched signals 
as a reverse signal; 

a demultiplexing unit (SA) for receiving Hie for- 55 
ward signal from said branch unit, time division 
demultiplexing the forward signal, and output- 
ting a plurality of first intermediate client signals 



(243-1 -243- v): 

a cross-connect switch unit (4A) for receiving a 
plurality of first suboltent signals (240-1 -240-u) 
from a plurality of external transmission paths 
($0-1 - 50-u), receiving the plurality of first in- 
termediate client signals from said demultiplex- 
ing unit, and performing cross-connect switch- 
ing the received signals to output a plurality of 
second subclient signals (241-1 - 241 -u) and a 
plurality of second intermediate client signals 
(242-1 -242-u), wherein the plurality of second 
subdient signals are transmitted to a plurality 
of external transmission paths; 
a multiplexing unit (5A) lor receiving the second 
rnfermediateciient signals from said cross-con- 
nect switch unit, time division multiplexing the 
second intermediate client signals, and output- 
ting the multiplexed second intermediate client 
signals as a second client signal (200): 
the super FEC signal transmitter (2) according 
to claim 2B for receiving either the second client 
signal from said multiplexing unit or the reverse 
signal branched off at said branch unit, convert- 
ing the received signal into asccon d super FEC 
signal (250), and outputting the second super 
FEC signal: and 

an electro-optical conversion unit (260) for con- 
verting the second super FEC signal from said 
super FEC signal transmitter into a second op- 
tical signal (259), and transmitting the second 
optical signal to an external opiical transmis- 
sion path (60). 

32. A transmitting apparatus ( 1 C) lor performing a con- 
version between a plurality of client signals and a 
plurality of super FEC signals, multiplexing, demul- 
tiplexing, cross-connecting and direct regenerating 
the plurality of super FEC signals, said transmitting 
apparatus comprising: 

a demultiplexing urat (6B) for receiving a first 
optical signal (357) from an external optical 
transmission path (61 ), and demultiplexing the 
first optical signal into a plurality of second op- 
tical signals (356-1 - 356-wi) at each wave- 
length: 

a plurality of the super FEC signal transmitter 
(2) according to claim 2S for receiving a plurality 
of first client signals (200-1 - 200-r) from a plu- 
rality of external transmission lines (50-1 - 
50-r), converting the plurality of first client sig- 
nals into a plurality of first super FEC signals 
(250), and outputting the plurality of first super 
FEC signals; 

a plurality of electro-optieaf conversion units 
(260) for converting each of the plurality of first 
super FEC signals into a plurality of third optical 
signals (255-1 -255-r),saidthird optical signals 
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faemg different in wavelength from one another; 
a cross-connect switch (4B) (or receiving the 
plurality oi second optica! signals and the plu- 
rality of third optica) signals, and performing 
cross-connect switching on the received sig- s 
nals to output a plurality of fourth optica! signals 
(355-1 - 355-r} arid a plurality of fifth optical sig- 
nafs (256-1 - 256^wo); 

a plurality of opto-electric conversion units 
(360) for converting the plurality of fourth opti- to 
cal signals to electric signals (350), and output- 
ting the electric signals: 
a plurality of the super FEC signal receivers (3) 
according to claim 29 for receiving the electric 
signals from said plurality of opto-electric con- is 
version units as a plurality of secondsuper FEC 
signals, converting each of the second super 
FEC signals into a second client signal (300-1 
- 306-r), and outputting the second client sig- 
nals: 20 
a branch unit for branching each of the plurality 
of second client signals, transmitting one of the 
branched signals of each of the plurality of sec- 
ond client signals to a plurality of external trans- 
mission paths (51-1 - 51 -r). and reversing the -25 
other one of each of the plurality of second cli- 
ent signals to generate a piurainy of reverse 
signals (304, 305. 306): and 
a mutiiplexing unit (SB) for wavelength division 
multiplexing the plurality of fifth optical signals so 
and transmitting the multiplexed signal to an ex- 
ternal transmission path (60). 
wherein each of said plurality of super FEC sig- 
nal transmitters is also capable of receiving the 
plurality of reverse signals branched off at said 3s 
branch unit instead of said plurality ot first client 
signals, converting the plurality of reverse sig- 
nals into a plurality of first super FEC signals, 
and outputting the plurality of first super FEC 
signals. -*o 

33. A network comprising: 

a plurality of transmitting apparatus (500-534) 
for performing a conversion between one or a -* 5 
plurality of client signals and one or a plurality 
of super FEC signals: 

a plurality of optical fibers interconnecting said 
- plurality of transmitting apparatus for transmit- 
ting one or a plurality of super line signals, said so 
one or plurality of super line signals being one 
or a plurality of optica! signals converted from 
ihe one or the plurality of super FEC signals: 
and 

a control system (9) for controlling said plurality 55 
of transmitting apparatus and executing 
OAM&P of said network, each of said transmit- 
ting apparatus being located on a super line 



side tor transmitting and receiving the super 
line signals. 

each of said transmitting apparatus comprising; 

a regenerator lype transmitting apparalus 
for transmitting and receiving one or a plu- 
rality of client signals to and from an exter- 
nal network, converting the received first 
client signal into a first super FEC signal, 
and transmitting the first super FEC signal 
to other said transmitting apparatus in said 
network, and conversely, converting a sec- 
ond super FEC signal received from anoth- 
er transmitting apparatus in said network 
into a second client s ignat, and transmitting 
the second client signal to said externa! 
network; or 

a client multiplexing type transmitting ap- 
paralus for receiving a plurality of third cli- 
ent signals from an external network, while 
converting a plurality of third super FEC 
signals received from another transmitting 
apparatus in said network into a plurality of 
f ourth client signals, performing cross-con- 
necting, multiplexing and demultiplexing 
between the third client signals and the 
fourth client signals to generate a plurality 
of fifth client signals and a plurality of sixth 
client signals, and transmitting the fifth cli- 
ent Signals to said externa! network while 
converting the sixthclient signals Wo a plu- 
rality of fourth super FEC signals, and 
transmitting the plurality of fourth super 
FEC signals to another transmitting appa- 
ratus in said network; or 
a super line multiplexing type transmitting 
apparatus for receiving a plurality of sev- 
enth client signals from an external net- 
work, and converting the plurality ot sev- 
enth client signals into a plurality of fifth su- 
per FEC signals, while receiving a plurality 
of sixth super FEC signals from another 
transmitting apparatus in said network, 
performing cross-connecting, multiplexing 
and demultiplexing between the fifth super 
FEC signals and the sixth super FEC sig- 
nals lo generate a plurality of seventh su- 
per FECsignaisanda plurality of eighth su - 
per FEC signals, converting the seventh 
super FEC signals into a plurality of eighth 
client signals, and transmitting the eighth 
client signals to said external network, 
while transmitting the eighth super FEC 
signal to another transmitting apparatus 
within said network: or 
a transmitting apparalus having a combi- 
nation of functions of said regenerator type 
transmitting apparatus, said client multi- 
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ptexing type transmitting apparatus and 
said super line multiplexing type transmit- 
ting apparatus. 
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